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Powdery mildew of barley is caused by the ascomycete pathogen Blumeria graminis f. sp. 
hordei (Bgh). Bgh is economically important throughout the world, causing crop losses 
varying between 5 to 20 % and in extreme cases as much as 60 %. Bgh is an obligate 
biotroph, relying on its host for growth and reproduction. This characteristic has hindered 
attempts to carry out biochemical and molecular biological analysis.  
 
Previous work had highlighted differential gene expression during Bgh development on 
surfaces other than the host. Consequently, this thesis had three aims. The first attempted to 
elucidate the nature of this gene expression. Work listed within includes studies of Bgh 
morphological development on the host barley, wheat, cellulose membrane, and glass. 
Additional studies included the assessment of gene expression, via RT-qPCR, on glass 
surfaces enhanced with 1-hexacosonal (a synthetic C26 aldehyde known to spur Bgh 
development), 16-hydroxyhexadecanoic acid (a cutin monomer found within the barley leaf), 
as well as surfaces of differing hydrophobicity. Results collected reenforce the surface-
dependent nature of gene regulation, and highlight how gene expression is determined by the 
integration of multiple signal inputs.      
 
The second aim of this thesis was the transformation of Bgh utilising Agrobacterium 
tumefaciens. Efforts are discussed as are approaches for future work aimed at transforming 
this fungus. 
 
The final aim of the thesis aimed to lay foundations for work involving the assessment of 5‟-
regulatory regions of genes showing clustered, and differential, expression on alternate 
surfaces. Utilising the phytopathogenic model fungus Magnaporthe oryzae (the causal agent 
of rice blast disease), 22 promoter regions were tested for their ability to drive GFP in this 
pathogen. 2 regions (for genes encoding a H4 histone and an aconitase) along with promoter 
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Chapter 1: General Introduction 
1.1: The host: barley 
The grass family (Poaceae) contain some of the most important cereal crops in use by man 
today (Matsuoka et al., 2002; Glémin and Battalion, 2009). Some 55 to 60 million years ago 
the Poaceae diverged into two clades (the BEP and PACCMAD clades) with domesticated 
crops being found within each (Doust, 2007; Bolot et al., 2009; Glémin and Battalion, 2009). 
The BEP clade contains the subfamilies Ehrartoideae and Pooideae. The former contains the 
rices, whilst the latter contains crops such as oats (Avena sp.), wheats (Triticum sp.), rye 
(Secale cereale) and barley (Hordeum vulgare ssp. vulgare L.) (Glémin and Battalion, 2009). 
Within the Pooideae, Avena species belong to the tribe Avenae, which emerged 25 million 
years ago. In comparison, the genera of Hordeum, Triticum and Secale belong to the tribe 
Triticeae which emerged 12 million years ago (Macfarlane, 1987; Wyand and Brown, 2003; 
Pourkheirandish and Komatsuda, 2007; Glémin and Battalion, 2009). Although the exact 
phylogenetic layout still being extensively debated, studies by Peterson et al., (2006) 
featuring analysis of sequence data of two nuclear genes, DMC1 and EF-G and a plastid gene 
(ndhF) suggested that Hordeum may have monophylectic status within the Triticeae. In 
comparison Secale sp. is often clustered with Triticum sp. (Kwahara, 2009). 
 
Of the approximately 33 species found 
within the Hordeum genus, barley is the most 
economically important member (Blattner, 
2009).  One of the original crops of human 
agriculture, archaeological evidence points to 
the use of barley as a food crop as early as 
8500 B.C. (Badr et al., 2000; Morrell and 
Clegg, 2007; Pourkheirandish and 
Komatsuda, 2007) (Figure 1-1). Although 
still being debated, analysis suggests the first 
domestication of barley from its wild 
progenitor, Hordeum vulgare ssp. 
spontaneum C. Koch, took place in the southern region of what has become known as the 
Figure 1-1: Barley (Hordeum vulgare ssp. vulgare 
L.). 
Source:  Washington State University , Department of 
Crop and Soil Sciences website: 
http://css.wsu.edu/research/crop_genetics/breeding/ullr




„Fertile Crescent‟; an area spanning Israel, Jordan and parts of Turkey (Badr et al., 2000; 
Pourkheirandish and Komatsuda, 2007; Glémin and Battalion, 2009; Orabi et al., 2009).  
 
Although similar in appearance to H. spontaneum, during domestication barley has slowly 
accrued traits that have allowed mass agricultural cultivation and human societal 
development in widespread geographic areas (Badr et al., 2000; Pourkheirandish and 
Komatsuda, 2007). Such traits included the development of a non-brittle rachis (where the 
head shattering mechanism of barley, featuring the segmentation of the grass spike, is 
reduced thereby allowing grain retention and easier harvesting), increased seed production, 
naked caryopsis (where the seed lacks adherence to the husk permitting easier separation 
during threshing), reduced dormancy (leading to a reduction in the temporary inability to 
germinate during favourable weather conditions), reduced vernalisation (permitting a reduced 
need for a period of low temperature before attaining a reproductive state) and finally 
photoperiod insensitivity (allowing modification of flowering time) (Kandemir et al., 2004; 
Taketa et al., 2004; Glémin and Battalion, 2009; Pourkheirandish and Komatsuda, 2007). 
 
1.1.5: Current usage 
 
Figure 1-2: Worldwide barley production for 2008.  
Colour code as follows: White = Data not available; Pink = < 1000 metric tonnes; Yellow = 1000 to 99,999 
metric tonnes; Purple = 100,000 to 999,999 metric tonnes; Beige = 1,000 000 to 9,999 999 metric tonnes; 
Green = ≥10,000 000 metric tonnes (based on figures released by the Food and Agricultural Organisation of the 
United Nations, via FAOSTAT website: http://faostat.fao.org/site/567/default.aspx#ancor. Map outline source: 




As of 2008, barley ranked fifth behind maize (Zea mays), wheat (Triticum spp.), rice (Oryzae 
sativa) and soybean (Glycine max) in world crop production at approximately 153 million 
metric tonnes (Food and Agricultural Organisation of the United Nations statistics division 
FAOSTAT; data for 2008; Baik and Ullrich, 2008) (Figure 1-2). Figures available for 
estimated cereal production within the United Kingdom during 2010 indicate 3,013,000 
hectares were put aside for usage. Of these 1,939,000 hectares were used in wheat production 
(equating to 14,878,000 tonnes), 921,000 were used for barley production (5,252,000 tonnes), 
124,000 were devoted to the growth of oats (685,000 tonnes) and the remaining 29,000 
hectares were used for minor cereal production (including rye, providing 131,000 tonnes) 
(DEFRA, Department for Environment, Food and Rural Affairs, Cereals and Oilseed rape 
production estimate: 2010 Harvest United Kingdom- Final Results 
http://www.defra.gov.uk/evidence/statistics/foodfarm/food/cereals/cerealsoilseed.htm). 
  
First used as human food in widespread parts of the world (Eastern and Northern Europe, 
North Africa, the Middle East and Asia), usage has changed as other cereal crops with better 
grain yields grew in economic prominence (studies listed in Baik and Ulrich, 2008). At the 
present time, although grown in many temperate climates, it is now primarily used in alcohol 
production (malting and whisky production) and livestock feed (either as grain, or to a 




of the total world 
production respectively (Murphy, 2007). However due to the inherent ability of barley to 
allow better production than other cereal crops at high altitudes, high latitudes and areas of 
reduced water availability it still remains a principal food source in areas of extreme climates 
such as the Himalayas (Baik and Ulrich, 2008). As a prime example of crop utilisation, 
estimated use of barley within the United Kingdom (2009/2010) is split between „Human and 
Industrial Consumption‟ (1,625,000 tonnes) and „Animal Feed‟ consumption (3,321,000 
tonnes). Only 204,000 tonnes are used utilised as source of seed or for other purposes 
(HGCA, Home Grown Cereals Authority Early Balance Sheet 2010, 
http://www.hgca.com/content.output/99/99/Markets/Markets/Supply%20and%20Demand.ms
px) 
1.2: The pathogen: barley powdery mildew 
 
Powdery mildews are fungi of the family Erysiphaceae (Huckelhoven, 2005). These 




heavy economic crop losses, probably surpassing those incurred by any other form of plant 
disease (Chaure et al., 2000; Agrios, 2005). Cereal crops are affected heavily as control is 
difficult, not cost effective and often hindered by the large spread of monocultures that exist 
in relatively close proximity.  
 
Blumeria graminis is the species responsible for powdery mildew diseases upon the 
Gramineae (Muchembled et al., 2005) and due to its great agronomic impact, especially in 
Northern Europe it is highly studied (Pedersen et al., 2002). Belonging to the monotypic tribe 
Blumerieae B. graminis was classified into separate taxonomic divisions, each termed a 
forma specialis (f. sp.) (Marchal, 1902; Braun et al., 2002; Inuma et al. 2007). Such divisions 
reflected specific groupings that were thought to demonstrate infection of specific cereal 
genera, although later studies have suggested host ranges may be larger than just one single 
host genus (Marchal, 1902; Inuma et al., 2007). Eight formae speciales are classified, 
including those on wheat (f. sp. tritici), rye (f. sp. secalis), oats (f. sp. avenae) and four others 
that grow on wild grasses (f. sp. dactylidis, f. sp. agropyri, f. sp. bromi and f. sp. poae) (Oku 
et al., 1985; Wyand and Brown, 2003; Inuma et al., 2007). The best studied, however, is 
powdery mildew on barley, Blumeria graminis f. sp. hordei (formerly Eryisiphe graminis f. 
sp. hordei) (Brown et al., 2001; Both and Spanu, 2004). For brevity in this work this 
pathogen will be referred to as Bgh.  
1.2.1: Disease symptoms 
Bgh is an obligate, biotrophic pathogen (Wright et 
al., 2000; Wright et al., 2002). Therefore, 
although it penetrates the epidermal cells of the 
host and absorbs nutrients via specialised organs 
it rarely kills the host cells (Panstruga and 
Schulze-Lefert, 2002; Huckelhoven, 2005). Its 
presence will, however, result in reduced growth 
and lower grain fill. Other symptoms include 
chlorosis at the centre of fungal colonies followed 
by a redevelopment of chlorophyll at later stages 
and increased host respiratory rate (Bushnell and Allen, 1962). Green pigment may also be 
Figure 1-3: Powdery mildew infection upon 
barley.  
A well progressed infection showing the 
characteristic powdery pustules diagnostic for 





retained around colonies on senescing leaves (Bushnell and Allen, 1961). If infections are 
heavy, and the host is young, the drain on photosynthates can be high. Poor root and stem 
development results, leading to lodging of the crops and subsequent grain loss. In severe 
cases such effects can lead to crop losses up to 40 % (Chaure et al., 2000). 
 
 
In the field, infections are often first observed as spots of white/grayish growth on young 
leaves which are opposite to chlorotic spots on the reverse side of the leaf. Although most 
common on upper leaf surfaces, infections will also occur on the abaxial surface and other 
organs including young shoots and stems (Agrios, 2005). Once the lifecycle has progressed 
organs may be completely covered with the white “powdery” growth normally associated 
with the sporulation stage of the lifecycle (Figure 1-3) (Agrios, 2005). Later in the season 
older colonies may contain gray/black spots as the sexual stage of the fungal lifecycle 
develops. 
 
1.2.2: Blumeria graminis f. sp. hordei lifecycle and signals 
As an ascomycete, there are two phases to Bgh reproduction: the sexual phase and the 
economically damaging asexual phase (Agrios, 2005). The sexual phase allows survival 
during non-optimal growth conditions and genetic recombination – both abilities are 
mediated via a structure known as the „cleistothecium‟ and the spores that form within, the 
„ascospores‟ (reviewed in Both and Spanu, 2004). The asexual phase (Figure 1-4) of the 
lifecycle, in comparison, centres on the production and spread of airborne spores, the 
„conidia‟ (Both and Spanu, 2004). In Northern Europe this asexual cycle takes place, 
approximately, between October to the following July (Brown and Wolfe, 1990). This phase 
is not limited to one “permutation” per growing season so Bgh is considered a polycyclic 
pathogen. This characteristic results in the rapid spread of the pathogen, and means it 
continues to be one of very damaging, with approximately $380 million dollars being spent 
on fungicides to treat it (Hewitt, 1998; Rubiales et al., 2001). The asexual phase has been 
well studied, as described by both Bélanger et al., (2002) and Both and Spanu (2004), and is 





Lucas (2004) noted that for successful infection a pathogen must overcome multiple barriers 
by utilising tightly regulated processes that respond to both host and environmental cues. Bgh 
is no exception, and is thought to depend on multiple signals during the different stages of the 
asexual lifecycle (Hall et al., 1999).   
 
1.2.3: Conidial germination  
When airborne conidia land upon a compatible plant 
surface a well ordered developmental process follows 
(Figure 1-4). A conidium touches the wax platelets 
of the leaf surface via a number of distinct surface 
projections (Carver et al., 1999; Wright et al., 2000). 
An extracellular matrix (ECM) (Figure 1-5) is 
rapidly released approximately 20 seconds to 1 
minute after spore deposition (Kunoh et al., 1988; 
Nicholson et al., 1988; Carver et al., 1999). Carver et 
al., proposed this exudate was released onto the surface of conidia before “flowing” via 
capillary force onto the substratum. What causes this release is still unclear – however, the 
same authors suggested it may be a response to a combination of physical and/ or chemical 
Figure 1-4 The asexual phase of the Blumeria graminis f. sp. hordei lifecycle.  
The approximate times (post spore deposition) that the lifecycle stage is observed is noted. Source: Both and 
Spanu (2004) 
Figure 1-5: Extracellular matrix release 
from conidium on hydrophobic glass.  
Marked by arrow. Source: Carver et al., 





surface properties. This was based on the observation that the relative hydrophobicity of the 
contact surface may trigger ECM release (or at the very least easier visualisation). Glass 
treated to increase hydrophobicity showed greater ECM release than non-treated glass 
(chromic acid cleaned glass showed little to none). Evidence for the involvement of other 
factors include tests with conidia upon leaves without their epicuticular waxes that revealed 
little or no ECM release compared to conidia placed upon unaltered barley leaves (Carver et 
al., 1999). Interestingly, a less hydrophobic surface (cellulose) caused greater ECM release 
than on silanized plastic (a relatively more hydrophobic surface). This may be explained by 
the presence of cellulose breakdown products potentially released by the ECM itself or the 
greater availability of water.     
 
ECM is believed to have roles in surface adherence and cell surface/host recognition (Meguro 
et al., 2001; Wright et al., 2002). Wright et al., (2002) noted at least two studies that show 
that the ECM lowers the hydrophobicity of the leaf concurrently with a decrease in spore 
hydrophobicity. Nicholson et al., (1993) suggested that this concurrent change is necessary 
for normal germling development. Studies have also shown the conidial ECM may contain 
esterases (released in 2 phases at 2 minutes and 15 minutes post-inoculation, at least on 
artificial surfaces) (Nicholson et al., 1988; Wright et al., 2002), cutinase (Pascholati et al., 
1992), pectinases and cellulases (Suzuki et al., 1998) that may partially digest the barley 
cuticle. Likewise, hydrolytic enzyme activity is observed at 3 minutes post-deposition 
(Nielson et al., 2000). In support of this Nicholson et al., (1988) mention a re-evaluation of 
older studies looking at cuticle and epicuticular wax erosion, and suggest this erosion affects 
the underlying cuticular membrane (where cutin components reside). The first phase of 
release is not inhibited by cyclohexamide, unlike the second phase. This suggests initial 
release is passive, unlike the second phase release (Kunoh et al., 1990; Wright et al., 2002). 
 
Notably, ECM release upon barley differs from that on certain artificial surfaces. The ECM 
released on the host is often very difficult to visualise, unlike on glass for example (where the 
ECM forms thick deposits as visible in Figure 1-5). During development on the host the 
ECM and is believed to just exist (or be part of) the tips of the conidial surface projections as 
it forms small depositis seen to eminate from these projections (Carver et al., 1999; Wright et 
al., 2002A,B). This difference in release behaviour leads some authors (for example Zhang et 
al., 2005) to suggest care should be taken when trying to understand the role of the ECM 




since ECM release appears less on the host it is possible, as Both and Spanu (2004) speculate, 
that the ECM may not fully degrade the underlying cuticle (to aid penetration of the host), but 
merely provides stimuli (for example in the form of cutin degradation products) for proper 
germ tube emergence and subsequent appressorial development. Such an idea would fit with 
a hypothesis of sensing a surface by compound uptake, and would fit with the views of earlier 
authors, such as Carver et al., (1999), who having observed the limited amounts of ECM on 
the host compared to other surfaces suggested that it may offer a method of leaf perception. 
Inferential evidence for such a role in sensing was provided by Francis et al., (1996) who 
found that cutin monomer addition to glass slides can lead to increased proportions of later 
stages Bgh development (for example the increased formation of appressorial germ tubes) 
compared to those seen on untreated glass slides. Additionally, Nielsen et al., (2000) 
demonstrated the passive uptake of low molecular weight compounds (with properties 
potentially similar to cutin monomers) into a conidium by 30 minutes post-deposition. The 
greatest accumulation was present at points immediately adjacent to the substratum where the 
highest level of spore metabolism was taking place. That a similar matrix (although differing 
in constituent concentration) is produced by both germ tubes and appressoria (and also differs 
in amounts at different locations upon the germling during the developmental cycle) also 
supports the idea that the ECM may have roles in not just adhesion to, but also sensing of, the 
host (Carver et al., 1999; Both and Spanu, 2004).  
 
With regards to spore metabolism at this time in their study of the expression of 2027 Bgh 
unigenes, Both et al., (2005a) observed the high expression of 3 enzymes involved in the 
breakdown of glycogen during early germination. This suggested this storage molecule was 
being broken down to fuel early post-emergence development. Lipids, like glycogen, also act 
as storage molecules in fungi. During germination expression of enzymes involved in fatty 
acid degradation increased during pre-penetration stages, before dropping post-penetration. 
This expression data (combined with Nile Red staining confirming the presence of large 
amounts of neutral lipids in conidia), led the authors to suggest the possibility that these 
storage molecules were being broken down to fuel early post-emergence development before 
accessing host nutrients. 
 
In 2000 Talbot and Hamer noted that the nature of Bgh surface signal perception was very 
much a mystery. At this time this is still very much the case. However, during ECM 




Protein Kinase A (PKA) have been observed (Hall and Gurr, 2000; Wright et al., 2000). 
Cyclic AMP based signal transduction pathways are believed to be involved in the 
development of many plant pathogenic fungi, for example the formation of appressoria in 
Magnaporthe oryzae (Xu and Hamer, 1996; Hall et al., 1999). Kinane et al., (2000) observed 
that in a classical cAMP pathway a cell surface receptor would respond to a stimulus, and by 
the mediating actions of GTP-binding proteins, lead to an activation of adenylyl cyclase. This 
enzyme would lead to the production of cAMP, which in turn would bind to the regulatory 
subunits of PKA. Consequently, this would allow the protein kinase to phosphorylate proteins 
and by doing so eventually lead to changes in gene expression. As further evidence of their 
involvement, when artificial adenylyl cyclase stimulators were added to non-germinated 
conidia germination was enhanced (Kinane et al., 2000). Therefore the presence of cAMP in 
this fungus at this stage is significant. Interestingly since cAMP levels are detectable 15 
minutes after inoculation it is very likely, in the view of some authors, cAMP levels are 
controlling the emergence of the first germ tube (Kinane et al., 2000; Wright et al., 2000). 
 
Other studies have also tried to discern the pathways controlling differentiation. Use of Bgh 
isolates resistant to qunioxyfen (a fungicide thought to perturb early signal transduction in 
fungi, leading to reduced germination and long germ tube formation) has also led to the 
discovery of a protein with a homology to GTPase-activating proteins (Wheeler et al., 2003; 
Lee et al., 2008). This discovery was based on the results of „differential display reverse 
transcription PCR‟ which revealed the existence of a gene transcript which was present in 
wild-type (susceptible) Bgh isolates but which was absent (or significantly reduced) in the 
developing conidia of qunioxyfen-resistant Bgh isolates. This transcript was subsequently 
found to have an amino acid sequence homology to Ras-type GTPase activating proteins 
(with phylogenetic analysis suggesting its close alignment to a GTPase activator protein, 
BUD-2P, of Saccharomyces cerevisiae) (Wheeler et al., 2003). In wild-type isolates this gene 
has detectable levels of mRNA in conidia, but these disappear after germination (only to 
reappear during sporulation). As such this suggested to later authors that a decrease in the 
presence of GTPase-activating proteins (and an activation of Ras-type monomeric GTPases) 








1.2.4: The primary germ tube  
In less than 2 hours after spore deposition a short (5 to 
10 μm) „primary germ tube‟ (PGT) emerges to contact 
the leaf surface (Kunoh et al., 1979) (Figure 1-6). 
Although more than one tube may develop, only that 
which contacts the leaf first will become the PGT. The 
others will terminate and are termed „subsidiary germ 
tubes‟ (Wright et al., 2000; Wright et al., 2002). This 
tube, and its proposed function, is thought to be 
unique to Blumeria graminis (Aist and Bushnell, 
1991; Hall et al., 1999; Glawe, 2008). Most germ 
tubes appear from the conidium in close proximity to 
the leaf at a site determined by 1 minute of contact 
with the surface (Wright et al., 2000). This was 
determined by Wright et al., using micromanipulation 
to roll conidia (inoculated on barley epidermis for set time periods) to study germ tube 
emergence. By rolling conidia 180° so the original point of spore contact was directly away 
from the epidermal surface the authors observed, using light microscopy, that approximately 
84 % of the first formed germ tubes on control (non-manipulated) conidia merged close to the 
epidermis (and contacted it) whilst on rolled conidia 82 % of tubes failed to contact (and 
grew away from the surface). Furthermore the authors found that even if conidia were 
manipulated after only 1 minute of contact the site of emergence was still close to the site of 
original contact. This led Wright et al., to suggest that not only does such behaviour increase 
the chance of the tube finding the surface, but it also suggests the developmental process is 
well attuned to the surrounding environment  employing complex signalling systems to do so 
(Wright et al., 2000). Authors such as Carver et al., (1999) and Nielsen et al., (2000) argue 
such targeting is evidence for the existence of early surface perception (perhaps as mediated 
by the conidial ECM). They note how again relative hydrophobicity of the surface (compared 
to the spore) plays a role in this germ tube emergence (with better targeting on more 
hydrophobic surfaces); although this author suggests such a requirement may be a 
continuation of its role in the release of ECM. Wright et al., (2000) define such responses to a 
greater degree suggesting two processes are at play: a non-specific response to contact and 
another, possibly to host signals, refining the emergence site/targeting. Arguments for this 
Figure 1-6: A B. graminis f. sp.  hordei 
conidium with primary germ tube 
emergence.  
This tube is aseptate and upon touching the 
leaf it becomes swollen at the point of 
contact (Wright et al., 2000). Surfaces that 
permit development are considered 
„inductive surfaces‟, and incompatible 
surfaces are considered „non-inductive‟ 
(Wright et al., 2002). Stained with wheat-
germ agglutinin-Alex-488. Source: P. 





included the lower efficiency of primary germ tube contact on clean glass slides compared to 
host leaves where signal producing substrates are optimally abundant, and also the apparently 
normal development on hydrophilic cellulose membranes (Zhang et al., 2005).  
 
The PGT (together with its accompanying ECM) may have roles in adherence, water uptake, 
and also in host recognition that permit later developmental stages (Pryce-Jones et al., 1999). 
The latter two may be mediated by the „cuticular peg‟ that emerges from the PGT tip and 
breeches the cuticle to contact the plant wall. Again detection of host signals via uptake of 
anionic low molecular weight compounds may take place (Nielsen et al., 2000; Wright et al., 
2000; Edwards, 2002). Suzuki et al., (1998) noted the release of an exudate at about 1 hour 
d.p.i. (from conidia upon cellulose membranes) which showed cellulose activity. This 
suggested to the authors it was released from the PGT (and at later time points from both the 
appressorial germ tubes and appressorium (Figure 1-4). This may aid both penetration by the 
cuticular peg (as well as the later stage appressorial peg) and also provide stimuli for later 
development. Thinner host cuticle under the PGT than surrounding areas corroborates this 
hypothesis (Kunoh et al., 1977).  
 
In studies to discern the signal pathways of Bgh (Zhang et al., 2001) examined transcript 
levels for genes encoding Protein Kinase C (PKC, a serine threonine kinase). Two PKC genes 
have been identified in Bgh, pkc1 and pkc-like (Zhang et al., 2001).  Transcript for pkc1 was 
present at all stages tested including in ungerminated conidia and those with appressoria. It 
reached a maximum abundance during the formation of the first germ tube. Transcript for 
pkc-like was only present during PGT formation. Not much is known about the role of this 
type of kinase during differentiation in plant pathogenic fungi, however they have been 
identified in differentiation in Neurospora crassa (studies in Lee et al., 2008). However 
findings by Lee et al. (2008) using the fungicide quinoxyfen, suggest that PKC may 
potentially have a role in controlling serine-esterase (cutinase) expression. Based on the 
assessment of relative transcript abundance of PKC-1 and a serine exterase gene, CUT1) it 
was observed that after quinoxyfen treatment PKC-1 transcript levels rose in the wild-type, 
whilst CUT1 gene expression was slightly reduced. This may suggest some form of role of 
PKC-1 in controlling serine-esterase (cutinase) expression, with PKC-1 being over expressed 
in the fungicide treated wildtype in an attempt to compensate for the action of the fungicide 





As with conidial ECM release, the characteristics sensed spur an increase in both cAMP and 
a flux in PKA signalling again suggesting a role for protein phosphorylation in governing 
further developmental processes (Kinane et al., 2000; Prats et al., 2008). Finally, this role in 
host sensing is supported by observed developmental termination should any germ tube fail 
to find a compatible host.  
 
1.2.5: The appressorial germ tube 
By 3-4 hours after initial deposition and after PGT formation with 
successful surface recognition a second germ tube (the „appressorial 
germ tube‟, AGT) will emerge and elongate to approximately 40 
μm (Wright et al., 2000; Rubiales et al., 2001). An ECM will be 
produced as it grows (Carver et al., 1995; Wright et al., 2002). By 
9-10 hours post-deposition this septate germ tube has hooked and 
swollen to form an apical appressorial lobe/appressorium (APP) 
(Wright et al., 2000) (Figure 1-7). The lobe itself also produces 
abundant ECM which is believed to fix itself to the leaf during 
penetration (Wright et al., 2002). Just as in the case of the PGT the 
AGT must also contact an inductive surface for development to 
succeed. Failure to do so results in a hypha-like structure (Carver et 
al., 1999; Wright et al., 2000). By 15 h.p.i. a penetration peg 
develops beneath the appressorium, and attempts host penetration. 
Nielsen et al., (2000) noted that the failure of appressorial 
development on artificial surfaces (e.g. glass) means specific host 
factors are required. These may include substratum hydrophobicity (argued against by 
Francis et al., 1996), cutin monomers (noted specifically by Francis et al., 1996) and possibly 
cellulose breakdown products (studies listed in Nielsen et al., 2000). Studies utilising barley 
wax mutants (the „eceriferum‟ mutants) led Yang and Ellingbo (1972) to believe physical 
features present in that layer were critical for development. However, later studies by 
Rubiales et al., (2001) involving the some of the same (as well as other) eceriferum mutant 
lines showed reduced Bgh appressorium formation on some but not all of the lines tested.  
This observation combined with results of Carver and Thomas (1990) (where Bgh 
development on cereal leaves with and without epicuticular waxes was similar in both cases) 
led Rubiales et al., to suggest wax chemistry rather than physical structure/appearance was 
Figure 1-7: A B. graminis 
f. sp.  hordei germling with 
primary germ tube and   
formed appressorial germ 
tube.   
Appressorial germ tube 
marked by arrow. Stained 
with Wheat-germ 
agglutinin-Alex-488. 
Source: P. Spanu. Scale 





the key for correct Bgh development. Investigations by Tsuba et al., (2002) confirmed the 
wax layers involvement in both AGT emergence and APP formation. Such waxes are a 
mixture of long-chain fatty acids, fatty aldehydes, alcohols (primary and secondary), ketones 
and esters (Tsuba et al., 2002). The authors catalogued the percentage of appressorial germ 
tube emergence or the percentage of appressorium formation on Bgh conidia developing on 
polystyrene petri dishes coated with thin layer chromatography fractions of barley wax. 
These observations suggested the aldehyde fraction of the barley wax showed significantly 
higher levels of both AGT induction and APP formation compared to the other fractions 
(such as esters) assessed. Furthermore gas liquid chromatography showed that 66 % of 
aldehydes present in barley wax were of carbon chain length 26. When appressorial 
differentiation was assessed on polystyrene petri dishes with aldehydes of different chain 
lengths, aldehydes of chain length 26 caused the greatest level of induction (and also in a 
dose dependent manner) (Tsuba et al., 2002). This inductive activity therefore appeared to 
depend upon both the quantity present but also chain length. Aldehydes of carbon length 26 
were considered ideal, and appear to make up 66 % of the aldehyde fraction (Tsuba et al., 
2002). These authors suggest that alternate length aldehydes were actually inhibitors of 
germination, suggesting a bottleneck for development and a mechanism of pathogen 
specialisation. This links again to the idea of low molecular weight compound uptake as 
Tsuba et al., (2002) believe the aldehydes may be taken up as such. However, as formation of 
appressoria was less on the treated plastic surfaces tested, further host factors are required 
(Tsuba et al., 2002). As for when such uptake may occur it is unclear as both AGT and APP 
formation are stimulated. It is possible that in AGT formation the sensing is performed by the 
PGT, and for APP formation it is mediated by the elongated AGT. This would support the 
idea of the AGT being a distinct stage of development to the APP, as first  suggested by 
Carver and Ingerson (1987). A further level of developmental regulation may have been 
observed by Iwamoto and co-workers (Iwamoto et al., 2002; Iwamoto et al., 2007). When 
barley cuticle was partially abraded (resulting in excess moisture supply on the leaf surface) 
enhanced appressorial collapse was experienced indicative of excess turgor pressure during 
development. When complete removal of the cuticle was performed no collapse was 
witnessed (although appressorium formation was still present and similar moisture conditions 
existed). This led Iwamoto et al., to conclude that only once appressorial penetration was 
begun does it prove vulnerable to excess moisture. This suggests the appressorium itself is 





After germination of the conidia, an increase in the transcription levels of enzymes involved 
in glycolysis was observed (Both et al., 2005a). Significantly this expression reached a 
maximum at 8 h.p.i. then tailed off before rising again at 5 d.p.i. The authors suggested it is at 
these times the energy requirement is at its greatest: at 8 h.p.i. this equates to appressorial 
maturation and the initiation of turgor generation. The large quantities of lipids present in the 
conidia, suggested by Nile Red staining, also disappear during maturation. Both et al., 
(2005a) suggested that whilst neutral lipids are broken down during this stage of development 
polar lipids may be moved into appressorium (as is seen in Magnaporthe oryzae). 
 
As with the PGT, studies to date (for example Hall and Gurr, 2000) implicated cyclic AMP-
dependent Protein Kinase A signalling in the complete development of this germ tube. Hall 
and Gurr (2000) suggested, based on the action of exogenous cAMP and inhibitors, that high 
levels of PKA activity are required to initiate AGT differentiation (at approximately 4 h.p.i.) 
but that low levels are subsequently required for appressorial tube hooking and swelling. 
Additionally they suggested that some form of extra signalling may take place in a window 
between 2 and 8 h.p.i. This advanced the work of Hall et al., (1999) who noted that although 
exogenous cAMP can increase appressorial induction whilst on an inductive surface 
(although not to the same levels as seen during development on the host) it cannot do so on a 
non-inductive surface. This result suggested to the authors that there was a requirement for 
other signalling pathways to enable development of this critical structure. They concluded by 
noting that although cAMP was necessary for the induction of the AGT by itself it was not 
sufficient for full appressorial development. Later studies by Kinane et al., (2000) using 
cellulose with two differing levels of appressorium inductivity supported this view. Kinane et 
al., compared Bgh development on the host surface with development on these types of 
cellulose membrane. On one type the authors observed that frequencies of AGT formation 
and differentiation were similar to that seen during germling development on the host. The 
second cellulose type stimulated a lower degree of AGT and APP differentiation than the 
host. When cAMP or adenylyl cyclise stimulators were added to the substrate no increase in 
the proportion of AGTs that differentiated were observed (between 60 to 75 %, compared to 
90 % on the more inductive cellulose). This was the case even though the level of AGT 
emergence itself increased. Together this evidence led Kinane et al., to speculate that a 
requirement for a separate stimulus exists in relation to appressorium formation, and that the 
cAMP pathway does not mediate that appressorial differentiation. Again together this 




recognition manifested itself in a more complex signal pathway than was seen in other 
pathogens, such as M. oryzae. 
 
As investigators suggested other forms of signalling pathways may be involved, attention was 
turned to the presence of a MAP kinase cascade (after the identification of two single copy 
Bgh MAP kinase genes, mpk1 and mpk2) (Zhang and Gurr, 2001). Zhang and Gurr produced 
degenerate PCR primers (to conserved domains found within MAP kinase sequences 
available at the time of publication) which produced amplicons available for sequence 
analysis. Blast analysis of the resultant data identified amplicons that were fragments of 
actual MAP kinase genes. These amplicons were then used for the design of PCR „walking 
primers‟ and „step down PCR‟ was performed which allowed full length genomic sequences 
to be determined (via DNA sequencing). Later two MAPKK genes, Bek1 and Bkk were 
identified after sequence analysis (at the protein level using a BlastX algorithm) of expressed 
sequence tags (ESTs) and also after sequencing of transcripts found during profiling using 
„Serial Analysis of Gene Expression‟ (SAGE) in libraries representing different stages of Bgh 
development (Thomas et al., 2001; Thomas et al., 2002; and studies in Kinane and Oliver, 
2000).As with cAMP signalling these cascades (based in the concept of three sequentially 
acting Mitogen-Activated Protein Kinase proteins) respond to extracellular stimuli, and act by 
phosphorylation on transcription factors. These factors would then affect gene expression 
(Zhang and Gurr, 2001; Kinane and Oliver, 2003). These cascades are widely conserved in 
eukaryotes, including filamentous fungi and have known roles in pathogenesis in plant 
pathogens, for example in the appressorium formation in Colletotrichum gloeosporioides 
(Kim et al., 2000). Sequence analysis by Zhang and Gurr (2001) suggested that mpk1 showed 
homology, via encoded amino acid sequence, to the BMP1 MAPK of the necrotroph, Botrytis 
cinerea. In the case of the second gene, mpk2, amino acid sequence homology revealed 
similarity to MPS1, a MAPK of M. oryzae (whose disruption leads to appressorium 
formation, but with reduced pathogenicity). Furthermore RT-qPCR transcripts suggest mpk1 
levels are elevated at the mature PGT and AGT stages unlike mpk2 whose levels increase 
during APP maturation (Zhang and Gurr, 2001). Work by Kinane and Oliver (2003) utilising 
inhibitors and activators suggested the MAPK pathway was not involved in PGT emergence, 
unlike cAMP (mentioned earlier), but instead solely transduces signals required for AGT 
elongation and most importantly APP formation. The authors manipulated MAPK activities 
using activators (such as sphingosine or Platelet Activating Factor-16) added to conidia 




differentiation, than host surfaces. Additionally inhibitors (such as PD-98059) added to 
spores developing on a form of cellulose membrane known to show similar inductivity to the 
host surface). In both forms of experiment no effect on conidial germination was observed 
(when compared to controls). Furthermore when both the cAMP and MAPK pathways were 
activated (for example using cholrea or pertussis toxins to target the former, and sphongosine 
or PAF-16 to activate the latter) frequencies of germination were similar to those seen during 
stimulation solely by cAMP activators. As a consequence of these results Kinane and Oliver 
(2003) suggested that the MAPK pathway was believed not to have a role in PGT emergence, 
and that cAMP was the principal signal for germination. Evidence gathered by these same 
authors for the role of the MAPK pathway in AGT elongation (and APP formation) includes 
the observation that MAPK activity (as determined by phosphorylation assay) rose to a 
maximum prior to AGT and APP formation (between 2 and 8 h.p.i.). Also activators of the 
MAPK pathway which led to an increase in MAPK activity led to increased frequencies of 
AGT germination and APP differentiation. Similarly, when inhibitors of the MAPK pathway) 
were used frequencies of formation and differentiation decreased.  
 
Additionally by employing bioactive lipids (including sphingosine) to activate MAPKs and to 
spur development Kinane and Oliver (2003) suggested the involvement of G-protein coupled 
receptors (the largest family of fungi transmembrane receptors) or related receptors (Bahn et 
al., 2007). According to the authors the bioactive lipids (such as sphingosine and PAF-16) 
used within their investigation may act via interaction with G-protein coupled receptors. This 
was based on evidence of sphogosine and PAF-16 related activation of MAP kinase-
controlled events in G-protein dependent manners in mammalian systems gathered by Honda 
et al., (1994) and reviewed by Pyne and Pyne (2000). In the first study PAF acted via a 
cloned guinea pig PAF receptor (which exhibits the structural characteristics of the G-protein 
coupled receptor superfamily) which was expressed in Chinese hamster ovary. By utilising 
pertussis toxin (an inhibitor of the Gαi subunit of the G-protein, which has an inhibitory effect 
on adenylyl cyclase) differential effects on PAF induced processes (such as the inhibition of 
cAMP accumulation and inositol phosphate production) occurred which suggested the PAF 
receptor coupled to „pertusiss toxin‟-sensitive and insensitive G-proteins within the ovary 
cells (with the toxin application permitting cAMP accumulation but not affecting inositol 





In the case of the review by Pyne and Pyne (2000) sphingosine (in the form of sphingosine-1-
phosphate) is identified as a polar sphingolipid metabolite, and they list five closely related 
G-protein coupled receptors of the „endothelial differentiation gene‟ (EDG) family 
conforming to the typical topography for such receptors (i.e. the proteins contain 7 
transmembrane spanning domains with amino acid sequence similarity to G-coupled protein 
families) (Studies listed in Pyne and Pyne, 2000). In the case of demonstrating that these 
receptors did also work through G-proteins, for example in the case of Edg-8, the authors (in 
that case, Im et al., 2000) utilised cell systems where ubiquitous endogenous responses to 
sphingosine were modest to minimal, and co-transfected these cells with DNA encoding the  
receptors and G-proteins. Sphingosine was observed to inhibit forskolin-dependent rises in 
cAMP when cells were transfected with Edg-8 DNA. However, by employing pertussis toxin 
again such an inhibition was alleviated, suggesting that sphingosine acted via Gi/oα proteins. 
Since both PAF and sphingosine activated the MAPK pathway during treatment of Bgh 
conidia Kinane and Oliver (2003) imply that such receptors with similarities to the G-protein 
coupled receptors of mammalian cells may therefore be present in Bgh.  
 
As such, this potential for G-protein coupled receptors being involved in the development of 
Bgh led Kinane and Oliver (2003) to note roles for such receptors in fungal development and 
lifecycles. Although they observe that no „classical‟ type G-protein coupled receptors have 
been directly observed to have roles in ascomycete pathogenicity Kinane and Oliver point to 
the role of similar transmembrane receptor-like proteins that have. Focusing on PTH11, 
which DeZwaan et al. (1999) found mediated appressorium differentiation in Magnaporthe 
oryzae in response to inductive cues such as hydrophobicity and cutin monomers, and the fact 
that an orthologue had been found to exist in Bgh (Thomas et al., 2001), Kinane and Oliver 
suggested such a receptor could act as sense cutin monomers which Francis et al., (1996) had 
shown were capable of driving Bgh differentiation.      
 
In order to determine how the cAMP and MAPK pathways interacted Kinane and Oliver 
(2003) employed effectors which targeted the cAMP and the MAPK cascades. Applied to 
conidia developing on cellulose membranes which were generally less inductive than the host 
surface  their influence on both pathways was assessed. In the case of certain effectors 
(cholera and pertussis toxin) led to the activation of both the cAMP and MAP kinase 
pathways (as well as showing indistinguishable enhancement of germling development). As 




protein subunits (studies listed in Kinane et al., 2003). This, combined with the knowledge of 
the existence of a G-protein subunit of mildew exhibiting a binding site for pertussis toxin, 
suggested to the authors several scenarios in which G-proteins lay upstream of both pathways 
(where a potential for convergence existed). Although such a convergence is the case in 
Colletotrichum heterostrophus, the authors noted this needed further elucidation in the case 
of Bgh would be necessary to determine the numbers of G-proteins involved and whether a 
sole protein may indeed act as a convergence point.   
 
Recently Prats et al., (2008) discovered the presence of nitrogen oxide (NO) during 
appressorium maturation and secondary hyphae formation. Although they have yet to find a 
role for this molecule they note its inhibition of extra appressorial lobe formation and its 
potential link to cAMP signalling. As an example the authors point linkage of the two in 
mammals where NO generation is driven by cAMP signalling and leads to vascular 
homeostasis. 
 
1.2.6: Penetration and the haustorium 
 
Using a mix of enzymatic action (via cutinase and, possibly, cellulase) and mechanical 
pressure (reaching a maximum of 2-4 MPa) the appressorium forces an infection peg down 
through the plant cuticle into the epidermal cells below (Pryce-Jones et al., 1999; Talbot and 
Figure 1-8: A number of B. graminis f. sp.  hordei haustoria present within barley 
epidermal cells.  






Hamer, 2000; Iwamoto et al., 2007). If penetration fails, which is possible on a limited scale 
even on susceptible plants, then extra appressorial lobes form to re-attempt penetration 
(Eichmann and Huckelhoven, 2008; Prats et al., 2008). If successful in breeching the cell wall 
a root-like structure, the „haustorium‟, develops (Figure 1-8) that although invaginating the 
cell membrane, leaves the cells fully intact (Huckelhoven, 2005). The host plasma membrane 
surrounds this structure at all times and is termed the „extra-haustorial membrane‟(Zhang et 
al., 2005). Between this membrane and the haustorial cell wall lies the „extra-haustorial 
matrix‟ (Both and Spanu, 2004). This matrix is sealed off at the neck of the haustorium by a 
neckband thought to be derived from the remains of the papillae (Green et al., 2002).  
 
Nutrients from the host cells are harvested via this nucleate haustorium (Schulze-Lefert and 
Vogel, 2000). Once fully active Bgh no longer needs to rely on the conidia as a source for 
energy (Eichmann and Huckelhoven, 2008). By 24 hours the haustoria are fully developed 
and the fungus begins to construct epiphytic mycelium on the leaf surface. This penetrates 
further epidermal cells and increases colonial spread (Both and Spanu, 2004; Seiffert and 
Schweizer, 2005). 
 
In order for the fungus to develop haustoria and access the nutrients of the host, the biotroph 
must have developed, in the words of Panstruga and Schulze Lefert (2002) either „stealth 
mechanisms or subtle counter defences‟ that permit the suppression of host defences and 
disrupt signalling pathways. However, due to the obligate nature of these fungi, how exactly 
they achieve this is not well understood (Eichmann and Hucklehoven, 2008). 
  
Plant defences include „basal‟ defences driven by the recognition of common „Pathogen-
Associated Molecular Patterns‟ (PAMPS) (Jones and Dangl, 2006). Such defences include 
the strengthening of cell walls (via the formation of cell wall appositions), the apoplastic 
accumulation of reactive oxygen species as well as cell death (Lipka et al., 2005; Zhang et al., 
2005; Eichmann and Huckelhoven, 2008). In the case of race-specific host resistance (the 
next layer of defence “behind” basal defence mechanisms) defence revolved around the 
hypersensitive cell death response (Dangl and Jones, 2001). 
 
As well as overcoming preformed defences, such as the cuticle, Bgh may actively suppress 
other basal defences rather than try to mask its PAMPS (Eichmann and Huckelhoven, 2008).  




may explain the documented lack of reactive oxygen species build-up at sites of appressorial 
formation in susceptible plant-host interactions (studies in Zhang et al., 2005).   
 
By successfully overcoming basal resistance there is also the implication of the action of 
microbial effectors within the host cell itself (Eichmann and Huckelhoven, 2008). It is these 
effectors, encoded by „avirulence‟ (Avr) genes, which are the basis (or targets for) race-
specific resistance, mediated by the „resistance‟ (R) genes of the host. More than 20 barley 
powdery mildew Avr genes have been studied although how they perform their task is not so 
well known (Eichmann and Huckelhoven, 2008). 
 
Numerous host proteins are thought to be involved in penetration and haustorial development 
in compatible infections. In the case of defence derived from a recessive loss of gene function 
(for example by mutation), the equivalent wild-type gene is thought to be a target for 
interference by the mildew. According to Huckelhoven (2005) some are negative regulators 
of host defences. The best example of which is the dominant Mlo gene. This gene encodes a 
60 kDa protein with 7 transmembrane domains, similar to a G-protein coupled receptor 
(Buschges et al., 1997). Evidence suggests this susceptibility factor negatively regulates 
defences against Bgh, and so when in recessive form offers broad spectrum resistance 
(Schulze-Lefert and Vogel, 2000). Studies have shown that during resistant (non-compatible 
reactions) infection is aborted during penetration and no cell death results. Evidence suggests 
this susceptibility factor, when functional, may regulate syntaxin-dependent exocytosis. Other 
host proteins that may have roles in susceptible reactions are discussed in Eichmann and 
Huckelhoven (2008). 
 
1.2.7: Epiphytic mycelia and sporulation 
By 3-4 days post-inoculation (d.p.i.) the fungal colony can be detected by eye upon the leaf 
surface. At this stage perpendicular aerial structures form on the external vegetative hyphae 
(Glawe, 2008). Upon these „conidiophores‟ (Figure 1-9) the colourless, uninucleate conidia 
develop in chains (Braun et al., 2002). A swollen basal “mother cell” will differentiate from 
the epicuticular hyphae (Schmitt et al., 2006). By a series of nuclear divisions and septations 
a new conidium will develop from the mother cell, eventually forming large chains of spores. 
This formation is „basauxic‟ with each new conidium forming at the base of its predecessor 




approximately 30 conidia (Moriura et al., 2006). Finally 
after a restriction at the septum, a conidium may separate 
from the conidiophore (Schmitt et al., 2006). The asexual 
cycle then has the potential to begin again. Mechanisms for 
release are discussed in Glawe (2008), and can include 
wind or convection currents, electrostatic charge and leaf 
shaking. Although conidial dispersion is mainly over short 
distance, records have indicated barley powdery mildew 
infections in Denmark that were caused by spores 
originating in the United Kingdom, a journey of 
approximately 500 miles (Hermansen et al., 1978). 
Together this means that not only is disease transmission 
rapid but it also has the potential to be long-distance as 
well. The following days involve the expansion of the 
colony, whose lifetime may last approximately 460 hours 
in total (Moriura et al., 2006). It is these sporulating colonies that form the primary disease 
symptom. 
 
It is during this stage of development that transcripts for enzymes regulating glycolysis again 
increase (especially at 5 d.p.i.): the period when external hyphal growth is well underway and 
energy is required to fuel sporulation (Both et al., 2005a). Glycogen synthesis, as well as 
neutral and polar lipid formation, also increases, no doubt to prepare nascent conidia to begin 
the infection cycle afresh. Expression profiles of tRNA synthases, the enzymes that create 
tRNAs required for protein synthesis, although increasing throughout development, also 
showed a marked surge post-penetration (Both et al., 2005a). This would allow increased 
protein synthesis during epiphytic mycelial development and especially sporulation. 
Simultaneously as these changes to metabolism of the fungus are occurring, in order to 
maintain growth and expansion the barley powdery mildew must alter the metabolism of the 
host to its benefit.  
 
As noted by Both and Spanu (2004), its close relative wheat powdery mildew (B. graminis f. 
sp. tritici) causes a significant change in the photosynthetic sink-source relationship within 
the host plant that leads to carbohydrate and starch accumulation. It does this by triggering an 
Figure 1-9: Conidiophores of a 
mature colony of B. graminis f. sp.  
hordei. 
Colonies, especially large examples 
may produce up to 200,000 of the 
single cell spores during their lifetime 
(Hall and Gurr, 2000) Source: P. 





acid invertase activity (Both and Spanu, 
2004). The pathogen also affects leaf 
photosynthesis as shown by a reduction in 
Rubisco and enzymes involved in the 
Calvin Cycle and also a loss in chlorophyll 
(Akhkha et al., 2003; reviewed by Both and 
Spanu, 2004). This latter point results in the 
plant compensating for the loss of 
carbohydrate production. Increasing 
respiration and the activity of the pentose 
phosphate pathway has been observed as 
has the diverting further of nutrients to the 
area and hence to the fungus (Akhkha et al., 
2003; Both and Spanu, 2004). Uptake also 
appears to be active and carrier mediated 
(Sutton et al., 2007). H
+
-ATPases have 
increased transcription during haustorial formation and are believed to create the 
electrochemical potential needed for nutrient transfer to the mildew (Both et al., 2005b). To 
date, detailed knowledge of the nutrients actually utilised by the powdery mildews is still 
unclear (Sutton et al., 2007), although studies suggest glucose is the main carbon source 
transferred to the pathogen, at least in the case of mildew of wheat (B. graminis f. sp. tritici, 
Sutton et al., 1999). In Blumeria it may be the case that sucrose is the main sugar taken up as 
two sucrose transporters have been observed in the genome (Spanu and Kämper, 2010).   
 
Further evidence of the mastery of the host by Bgh may be the „green island‟ effect (Figure 
1-10) or „green bionissia‟, acknowledging the fact that in this situation both host and 
pathogen cells are alive (Walters et al., 2008). This phenomenon refers to the maintained 
green colour (due to chlorophyll retention or recuperation) in immediate areas underneath and 
surrounding colonies on senescing leaves that has been noted as far back as 1897 by Von 
Tubeuf (von Tubeuf, 1897; Schulze-Lefert and Vogel, 2000; Huckelhoven, 2005). As 
speculated by Schulze-Lefert and Vogel (2000) host cell death may be one way of cutting off 
the nutrient supply to a biotroph, so suppression of this defence seems intuitive for such a 
parasite. Maintenance of the host tissue has been believed to allow longer lasting sporulation 
by the pathogen. However this has been disputed as merely being a side effect of early 
Figure 1-10: The green island effect upon barley 
leaves. 
 
This senescing leaf was inoculated with B. graminis f. sp.  
hordei. The cells underneath the colony (non-inoculated 
side, A) remain green, unlike the cells on the inoculated 
side (B). This shows an alteration of host metabolism and 
a subversion of host signal pathways that may act to 
maintain nutrient flow from mesophyll cells under the 





attempts to ensure diversion of nutrients to the infection site, rather than attempts to prolong 
infection itself (Walters et al., 2008). Therefore, although the characteristic is only apparent 
during the later stages of leaf life, it may be a result of interactions early on in the infection 
process (Walters et al., 2008).  
1.3: Co-ordinate Mis-Expressed Genes (‘CMEGs’) 
This lifecycle and its symptoms suggest complex signal transduction systems exist within the 
fungus to allow the “hijacking” of the plants nutrients for its own uses. More work is needed 
to elucidate these mechanisms, but what is known has been reviewed by (Both and Spanu 
(2004) and Eichmann and Huckelhoven (2008). „Expressed Sequence Tag‟ (EST) sequencing 
of cDNA libraries (derived from the mRNA of conidia germinating on different surfaces) and 
microarray analysis began to define gene transcript expression dynamics present during 
different early stages of Bgh growth (Thomas et al., 2001; Both et al., 2005b).  
 
In a key study, Both et al., (2005b) studied the transcript profiles of 2027 Bgh genes during 
infection. RNA samples were collected from fresh ungerminated conidia as well as at stages 
throughout development (4, 8 and 15 h.p.i.) to the stage of fresh sporulation at 5 days post-
inoculation. At 3 and 5 d.p.i., both epiphytic mycelia and RNA from infected epidermis were 
collected. Two-colour microarrays were performed, comparing each collected stage to a 
general reference sample made up from a mixture of all samples. The authors observed a 
large scale shift in gene expression between pre- and post- penetration Bgh life stages 
(thought to be representing a change from the use of endogenous reserves to reliance on host 
nutrients). Furthermore the authors make particular note of a small group of genes that were 
up-regulated pre-penetration. These genes followed the expression profile of the Bgh 
homolog to Cap20, with mRNA transcript rising to a peak at 8 h.p.i. before decreasing at 15 
h.p.i.. Cap20 is a Colletotrichum gloeosporioides gene known to accumulate during 
appressorial formation (Hwang et al., 1995). Further analysis suggested many of the 
clustering Bgh genes showed homology to the pathogenicity genes of other fungi. This led 
Both et al., (2005b) to suggest that these genes may be responsible for virulence and 
pathogenicity in Bgh.   
 
This study spurred further work, where apart from examining gene expression during 
infection on the host, expression was monitored during germination on non-host surfaces. 




included glass (considered a “non-inductive” surface due to its ability to cause solely the 
formation of multiple, small germ tubes), cellulose (“semi-inductive” due to a limited ability 
to stimulate appressorial formation) and wheat (a fellow member of the Gramineae where all 
development stages bar actual penetration are witnessed) (Both, 2005). On each surface a 
time course of 0, 4, 8 and 16 h.p.i. was performed. This led to the identification of certain 
transcripts with grouped expression at set times during that development and their alternate 
expression on surfaces other than the host (e.g. Figure 1-11). This expression clustering 
suggests the presence of common cis- and trans- regulatory elements within genes that permit 
co-ordination with one another during the highly synchronous developmental programme of 
Bgh. The alternate expression also suggests these genes are responding (or not as may be the 
case) to a lack of development stimulating signals presented by the non-host surfaces. Due to 
this behaviour such genes have been designated „Co-ordinate Mis-Expressed Genes‟ and 
have become candidates for further study.  
 





















Figure 1-11: Grouped relative expression levels of ESTs from a microarray study conducted by Both et al., 
2005;  
REI: log2 transformed signal intensity. RNA from each sample was compared to RNA from a mixture of all 
samples) of the Blumeria graminis EST clone C01417(red) and similarly expressed transcripts (grey) on different 







1.4: Green fluorescent protein 
 
Over the last 15 years the use of fluorescent proteins has energised the study of living cells 
(Freitag et al., 2004). Green fluorescent protein (GFP) is a 238 amino acid, 27 kDa protein 
which absorbs light at a maxima of 395 and 475 nm, whilst emitting it at a single maximum 
of 508 nm (Lorang et al., 2001; Czymmek et al., 2002). The gene encoding this protein was 
cloned by Prasher et al., (1992) from the jellyfish Aequora victoria. A landmark study by 
Chalfie et al., (1994) demonstrated that GFP would still fluoresce in other organisms, opening 
the way for its employment as a reporter gene (Gold et al., 2001). 
 
Unlike previous reporter genes, for example Escherichia coli ß-glucoronidase system, GFP 
can be used to visualise activities in cells without the need for fixation or the use of co-factors 
or exogenous substrates (Gold et al., 2001). This is an important advantage as both plant and 
fungi have diverse cell walls which are serious obstacles to the addition of cofactors etc or the 
use of antibodies to localise proteins (Czymmek et al., 2002). It has therefore assumed the 
important role of detailing gene expression in living cells.  
 
As a general rule wild-type GFP is stable and active in fungi, although mutant alleles which 
have overcome transcript processing problems and codon usage issues tend to hold 
prominence (Hein and Tsien, 1996; Gold et al., 2001). 
 
GFP has been used to study gene expression by transcriptional fusion, as well as to 
investigate sub-cellular localisation of proteins, e.g. defining the expression of 
endopolygalaturonase genes in Colletotrichum lindemuthianum (Dumas et al., 1999). The 
latter feature is available as GFP doesn‟t appear to interfere with protein folding (in general) 
even if fused to the N or C protein terminal (Gold et al., 2001). Furthermore GFP doesn‟t 
appear to affect the host cell itself. 
 
When GFP is matched with laser scanning confocal microscopy a powerful research tool is 
created. Unlike in normal light microscopy, laser scanning confocal microscopy uses focused 
laser light to illuminate the specimen. With better resolution than normal light microscopy, 
the main advantage of this technique is the ability to non-destructively analyse living cells, 





At the current time defences against B. graminis f. sp. hordei, although utilising host 
resistance, centre around the judicious use of mildewcides (Gilbert et al., 2009). 
Unfortunately, Bgh displays an ability to rapidly overcome many resistance genes as well as 
to develop tolerance to fungicides (Chaure et al., 2000; Thomas et al., 2001). As a result it is 
necessary to develop a greater understanding of the infection cycle, in particular early 
development and interaction with the host, so that more efficient methods of control may be 
established.  
 
Although attempts have been made to grow this fungus in vitro (separate from the host), for 
example by Arabi and Jawhar (2002), its lifecycle as an obligate, biotrophic fungus means 
this is impossible. Cultivation is necessary when trying to transform the pathogen, which is 
the basis for advanced genetic analysis.  As such, although transformation has been attempted 
(e.g. Chaure et al., 2000), molecular studies have been severely hindered as methods of stable 
transformation have proven unworkable. Consequently, this led Talbot and Hamer (2000) to 
describe barley powdery mildew as „something of a nightmare for molecular geneticists‟. 
This still rings true today as the individual signalling pathways and networks which link 
surface perception to the genes involved within the differentiation programme are still poorly 
understood. What is known is either cytological in nature or, in the case of molecular 
pathways, very fragmentary. Even so, most of what is known about powdery mildews in 
general has been based on this species (Glawe, 2008).   
 
Therefore this thesis has 2 distinct aims. In the first half of the thesis, studies are made to 
contribute to the existing knowledge of Bgh infection. Building on previous studies which 
identified a modulation of gene expression depending on the underlying substrata 
germination, studies are undertaken that try to discern the regulation of these surface 
responsive genes (the „CMEGs‟). 
 
The second aim of the investigation is to develop a successful transformation procedure of 
barley powdery mildew. In addition to this, trials are also made regarding the use of a related 




This organism may act as a “surrogate” whilst methods of direct transformation of barley 
powdery mildew are refined.  
 




Chapter 2: Materials and Methods (General) 
2.1: Plant growth conditions 
Barley (cv. Golden Promise) seedlings for long term stocks were grown (≈ 20 per pot) in 5 
inch pots at 20 ºC and 30 % humidity with 16/8 hour light/dark cycle in a Sanyo Fitotron 




 (at 1.2 metres). Plants were infected 7 days 
after sowing (the single leaf stage). Plants required for infection were kept isolated in a plant 
growth suite (Unigrow, UK) at 23 °C (daylight) and 20 °C (night) with 50/60 % humidity 





 or a „Grodome‟ Greenhouse suite (Unigrow, 





. Wheat (cv. Riband) seedlings were also grown in the same conditions as 
required. 
 
Seed was provided by the National Institute of Agricultural Botany (NIAB, Cambridge, UK), 
by Professor Paul Schulze-Lefert (Max Planck Institute for Plant Breeding Research, 
Cologne, Germany) and by Eric Simpson (Masstock Arable [UK] Ltd, Throws Farm Arable 
Development Centre, Stebbing, Essex). Levington Professional Growth Medium (F2+S) was 
used for all plant growth. The Insecticides Intercept 70WG (Scotts) and Exemptor (Scotts) 
were added as required and as according to the instructions of the manufacturer. 
2.2: Blumeria graminis f. sp. hordei 
isolate storage conditions and infection 
procedure 
Bgh isolate DH14 was a gift from Professor James Brown 
(John Innes Centre) (received in 2006), although it was 
originally isolated during 1976 by D. W. Holloman 
(1981) investigating resistance in Bgh populations in the 
UK to the fungicide ethirimol. For long-term storage 
sporulating colonies were stored on barley (cv. Golden 
Promise) (susceptible) in a isolation pot for 8-12 weeks at 
4 °C. Preceding experimentation Bgh isolate DH14 was 
inoculated on non-treated 7-day-old barley seedlings and allowed to progress to sporulation 
Figure 2-1: Perspex isolation tank. 
This picture shows infected Barley 
seedlings with B. graminis f. sp. hordei 
isolate CC146 contained with a Perspex 
Isolation Tank.  
 




(for inoculation stock) in a growth room at 25 ºC and 50 % humidity with 16/8 hour 




. To reduce air turbulence, and 
unintended dispersal of conidia, all infected plants were placed in a perspex isolation tank 
(Figure 2-1). Infected barley directly used for experimentation was capped with a perspex 
isolation top (Figure 2-2) to maintain humidity and reduce cross infection. To infect surfaces, 
1 to 2 week old infected plants with heavy sporulation were blown 24 hours before sprinkling 
of the target substrates to ensure fresh conidiation. Plants were gently agitated over the target 
surface, in a still air room, to give a conidial concentration of approximately 150 spores/cm
2

















Figure 2-2: This picture shows infected barley seedlings with Bgh isolate DH14 contained with an 
isolation pot cover (19 cm X 8 cm). 
To minimise contamination and to maintain humidity these pots could be sealed with adhesive tape. 
 
2.3: Fungal staining protocol 
2.3.1: Trypan blue stain 
Infected leaves were stained for fungus by boiling them for 5 to 8 min in 0.1  % trypan blue 
(BDH Gurr
®
) in ethanolic lactophenol (1 vol ethanol: 3.35 vol lactophenol, NBS Biologicals 
Ltd). The leaves were then de-stained in chloral hydrate (2 g/ml, BDH GPR
®
) for several 
days. This solution was changed until the leaf material was transparent. Observation was then 
permissible. 
 




2.4: Microscopy and photography 
Stained fungal structures and spores were viewed under x10, x40 bright field microscopy 
using „Letiz® Diaplan‟ microscope. Epifluroescence microscopy was performed on „Carl 
Zeiss
®
 Axioskop 2 plus
®
, microscope with HAL-100 fitting, with 50 W HBO mercury lamp 
and filters (FITC filters) (A:  BP485/20, FT510, LP515; B:  BP450-490, FT510, LP515; C)  
BP450-490, FT510). Bright field and fluorescent images were captured on „Carl Zeiss® 
Axioskop 2 Plus
®, microscope with „Carl Zeiss® Axiocam Fitting‟ camera. Images were 
viewed using „Axiovision‟ (version 3.1.21) (Carl Zeiss) software for PC with „Carl Zeiss® 
AxioCam-HR‟, (version 5.05.10) and „TWAIN‟, (version 1.0) add-ons.  Light Photography 
was performed with a Canon
®
 „Powershot Pro1‟ and also a Nikon® D-100 with 55 mm 
Nikkor Macro Lens. 
 
Time-lapse photography utilised an Ortholux II (Letiz Wetzlar) microscope and a Nikon 
coolpix 990 (with Nikon MC-EUI timing adapter). All spores and substrate samples were 
placed on a glass slide (Super premium microscope slide, VWR International) and suspended 
in a 9 cm petri dish containing water to maintain high humidity during the film duration. 
Substrates used include barley leaf, wheat leaf, glass slide and cellulose membrane (Medicell 
International Ltd.). Both barley and wheat leaves were dissected to create a window of 
epidermal tissue to permit microscopy (Figure 2-3). This technique was also used for 
viewing of Magnaporthe oryzae spore development.  
 





Figure 2-3: Creation of barley epidermal windows.  
Two shallow incisions were made on the adaxial leaf surface. The epidermal surface flap was folded back until 
surface disconnect had reached the second incision site. Flap was then removed. Abaxial epidermis remained, 
and acted as site for fungal spore deposition.   Leaves were placed adaxial side down on 1.5  % TWA agar 
(Appendix A, 9.1.1:) or ddH2O to retain hydration. 
 
All images were processed using „Adobe® Photoshop® Version 6.0 and Adobe® Photoshop® 
Version CS3‟ and „Adobe® Image Ready® Version 3.0‟.  
 
2.5: Competent Escherichia coli cell preparation 
All vectors were propagated using „One shot® Omni-max™ 2 T1 Phage Resistant‟ E. coli cells 
(Invitrogen
™
) as hosts. The preparation of competent cells followed a protocol by Inoue et 
al., (1990) with modifications. To summarise, 250 ml SOB (Appendix A, 9.1.2) in 1 L flask 
was inoculated and incubated at 19 °C with vigorous shaking (approx. 200 rpm) until the 
OD600 = 0.5. The culture was placed on ice for 10 min then cells were pelleted by 
centrifugation at 3220 x g for 10 minutes at 4 °C. Cells were re-suspended in 80 ml of ice-
cold TB solution (Appendix A, 9.1.2) and stored on ice for 10 min, followed by 
centrifugation at 3220 x g for 10 min at 4 ºC. Cells were then re-suspended in 20 ml of ice-
cold TB solution and 1.4 ml of dimethyl sulfoxide (previously stored overnight at -20 °C 
before use). Cells were aliquoted into sterile, pre-chilled microcentrifuge tubes and stored at -




80 °C until required. The required E. coli strain cultured on LB agar with selective antibiotics 
(Appendix A, 9.1.2) at 37 ºC overnight.  
 
2.6: E. coli transformation protocol 
All transformations used „One shot® Omni-max™ 2 T1 Phage Resistant‟ E. coli cells 
(Invitrogen
™





 2 T1 Phage Resistant‟ E. coli cells. After incubation on ice for 30 min, the 
cells were heat shocked for 45 s at 42 ºC. Cells were then incubated on ice for approximately 
2 min. 250 μl SOC medium (Appendix A, 9.1.2) was then added to cells and the suspension 
was incubated at 37 ºC with shaking (120 rpm) for 1 hr. This cell suspension was then 
pelleted by centrifugation at 1800 x g, re-suspended in 100  μl and then plated upon LB-
antibiotic agar (Appendix A, 9.1.2) plates. Plates were incubated at 37 °C until transformed 
colonies appeared. 
 
2.7: Miniprep plasmid purification 
Plasmids were purified from 6 ml LB-antibiotic cultures grown overnight at 37 ºC with 
agitation using „Qiagen™ Miniprep Spin‟ following the protocol of the manufacturer. 
Antibiotic concentration added is listed in Appendix A, 9.1.2. The extra washing step with 
PB buffer was performed.  
2.8: DNA concentration measurement 







The formula used: concentration of DNA in sample (µg/ml) = A260
 
x 
50 µg/ml x dilution factor. Purity of DNA was also gauged by calculation of A260/A280 ratio. 
 
2.9: Agarose gel imaging 
1 % and 2 % (w/v) agarose gels (run at 80 V for 3/4 hour in TBE buffer [Tris-Borate 45 mM, 
EDTA 1 mM pH 8]) and stained with Sybr
®
 Safe DNA Stain (1 μl/50 ml of 1:10, 000 mix) 
were used to visualise DNA at different stages of the cloning process. Samples were mixed 
with loading buffer (0.4 % orange G, 0.03 % bromophenol blue, 0.03 % xylene cyanol FF, 15  
% Ficoll
®
 400, 10 mM Tris-HCl [pH 7.5] and 50 mM EDTA [pH 8.0]). The „1kb DNA 
ladder‟ (0.25-10 kb; Promega®), the „100 bp‟ ladder (Promega®), Fermentas FastRuler™ 




Low Range DNA ladder ready-to-use (Fermentas Lifesciences) and Fermentas GeneRuler™ 
1Kb ladder (Fermentas Lifesciences) were used to gauge molecular weight. 5  μl of ladder 
was loaded per gel lane. Agarose gels were visualised on a „Gel Doc-2000‟ (BioRad™) gel 
imager augmented with a „Safe Imager™‟ (Invitrogen) Blue light unit. Images were captured 
using „PD Quest‟ software (The Discovery Series, Version 7.31, Biorad Laboratories, Inc).  
 
2.10: DNA precipitation 
To allow re-suspension of DNA in alternate volumes DNA samples were precipitated as 
follows: 0.3 M of sodium acetate (pH 5.2) was added followed by 0.7 volumes of iso-
propanol. The solution was then incubated at 4 °C or -20 °C for 30 min or overnight 
respectively. Following this the sample was centrifuged at 15,000 x g at 4 °C for 30 min. The 
supernatant was then decanted without disturbing the pellet. The pellet was then washed with 
200 µl 70  % ethanol and then centrifuged at 15,000 x g for 15 min at 4 °C. The supernatant 
was decanted and the pellet air dried for 10 min. Finally the pellet was re-dissolved in the 
appropriate buffer (e.g. Elution Buffer, TE, or ddH20).        
2.11: RNA extraction 
Based on the protocol of Chomczynski and Sacchi (1987). Isolated fungal material was 
ground in liquid N2. All labware was washed in 8 g/L NaOH and 1 % SDS solution, rinsed in 
excess ddH2O and then pre-cooled before use in liquid N2. 5 ml 4 M GTC (Appendix A, 
9.1.2) was added, followed by 5 ml saturated phenol (pH 4.5), 42 μl β-Mercaptoethanol (2-
Mercaptoethanol, Sigma) and 30 μl 50 % PVP (Sigma-Aldrich®) to the material in 50 ml 
polypropylene tube (Sterilin). The mixture was vortexed for 5 min to ensure viscosity. 0.2 
volumes of chloroform were added and mixed. The solution was then centrifuged at 3220 g 
for 15 min. Subsequently, the top phase was added to an equal volume of chloroform (BDH 
AnalaR Normapur
®
), mixed and then centrifuged again for 15 min at 3220 g. The top phase 
was then added to 3M sodium acetate (Sigma-Aldrich
®
), pH 5.2 (final concentration of 0.3M) 
and precipitated with an equal amount of iso-propanol (propan-2-ol, BDH AnalaR
®
). This 
mixture was then left at -20 ˚C for 30 min or longer. After incubation the mixture was 
incubated and centrifuged at 3220 x g for 25 min. Subsequently the supernatant was 
discarded and the pellet was air-dried for 10 min. The pellet was then re-suspended in 100 μl 
DEPC water (Appendix A, 9.1.2).  
 




A modified Protocol was followed for later samples. The material was ground in liquid N2 
6 to 6.5 ml GTC/Phenol-ß-Mercaptoethanol (Appendix A, 9.1.2) per 50 ml tube of material 
(~2 g of material corresponding to one plant pot or set of glass slides, etc). The mix was 
vortexed for 5 min. 0.2 volumes of chloroform was added, then mixed by vortexing. The 
sample was then centrifuged at 3220 x g for 25 min. The top phase was transferred and added 
to an equal volume of chloroform before mixing and centrifugation at 3220 x g for 25 min. 
The top phase was collected, 3 M sodium acetate pH 5.2 was added to a 0.3 M final 
concentration and precipitated with an equal volume of iso-propanol. The sample was left 
overnight at -20 °C, before pelleting by centrifugation at 3220 x g for 30 min. Iso-propanol 
was decanted and the sample was centrifuged at 3220 x g for 10 min before pellet was air 
dried (approximately 10 min). The pellet was then re-suspended in 100 µl DEPC water.   
 
2.12: Purification of RNA using AGENCOURT® RNA CLEAN™ KIT 
The usage of this system followed the protocol of the maufacturer. Briefly, before use the 
Agencourt® RNAClean solution™ (Agencourt® Bioscience Corporation, now part of 
Beckman Coulter, Inc) was re-suspended by shaking. To 100 μl of RNA solution 180 μl 
„RNAClean solution‟ was added (1.8 x target volume = RNAClean solution volume to be 





 96R magnet plate for 10 min to separate the beads from solution. 
Subsequently, the cleared solution was aspirated from the beads. 200 μl 70  % ethanol was 
then added to the reaction and incubated for 30 s before aspiration. This was repeated for a 
total of 3 times. The reaction was air-dried for 10 min before addition of 100 μl DEPC 





 96R magnet plate and an incubation of 10 min. The bead-less 
solution was removed and stored at -20 ˚C before use. 
2.13: cDNA synthesis using superscript™ III reverse transcriptase 
This procedure followed the protocol of the manufacturer (Invitrogen™). Contained within a 
13 μl total volume were: 1 μl 10 mM dNTP Mix (10 mM each dATP, dCTP, dGTP and 
dTTP), desired amount of RNA template (in DEPC water) and 250 ng Random primers. This 
mixture was heated for 5 min at 65 °C and then incubated at on ice for at least 1 minute. To 
the mix was added: 4 μl 5X First-Strand Buffer, 1 μl 0.1 M DTT, 1 μl RNaseOUT™ 
Recombinant RNAse Inhibitor, 1 μl of SuperScript™ III Reverse Transcriptase (200 units/ 




μl). After mixing the solution was then incubated at 25 ˚C for 5 min. After this, the solution 
was incubated at 50 ˚C for 60 min followed by heat inactivation at 70 ˚C for 15 min. The 
cDNA was then diluted in TE buffer (10 mM Tris [tris(hydroxymethyl)aminomethane], pH 
7.5; 1 mM EDTA [ethylenediaminetetraacetic acid]) to act as template for RT-qPCR analysis. 
All incubation steps utilised the PTC-200™ Peltier thermocycler (MJ Research Inc.). 
 
500 ng of RNA was used as a template for cDNA production. cDNA template was then 
diluted 1 in 15 for use. 100 ng of RNA was used as a template for cDNA production 
(Chapter 4 and Chapter 6). Template was then diluted 1 in 15 for use and then 1 in 20 for 
use, respectively. 
 
2.14: Report creation 
Graphs were compiled with SigmaPlot
®
 for Windows Version 10.0 (Build 10.0.0.54, 2006, 
Systat Software, Inc.). 
 
 




Chapter 3: Characterising Blumeria graminis f. sp. hordei 
Germination Behaviour 
3.1: Overview 
Powdery mildews are biotrophic pathogens whose infections of the host are limited to the 
epidermis and who use haustorial complexes to collect host nutrients (Sutton et al., 2007). 
After detaching from a conidiophore, a Bgh spore is capable of beginning the asexual 
lifecycle again (Noir et al., 2009). On landing spores will first secrete varying amounts of 
extracellular matrix that aid attachment to the surface. Germination often follows, leading in 
some cases to the formation of an appressorium. In order for this stage to be reached, a 
number of developmental steps must occur, each of which appear to require their own 
particular suite of chemical and physical cues, presented by the underlying substrata. 
Complete development is only seen on the host, and by removing such signals from 
pathogenic fungi can lead to reduced infection frequencies and developmental errors (Wynn, 
1981).  
 
3.2: Aims and objectives  
To allow familiarisation with Blumeria graminis f. sp. hordei and to begin an assessment of 
the effect of different stimuli on the germination program of this pathogen, the development 
of Bgh on the host was characterised. Bgh isolate DH14, originally isolated by Holloman 
(1981), was used. This isolate shows sensitivity to fungicdes such as ethirimol and tridimenol 
and was selected due to its use documented in Chapter 6 (Wyand and Brown, 2005) and due 
to its use in sequencing the Bgh genome (Spanu et al., 2010). Future work will involve both 
analysing the effect of stimuli on gene expression and also of the regulatory sequences of 
genes demonstrating alternate behaviours on different surfaces. Therefore developmental 









3.3: Materials and methods 
3.3.1: Fungal culture and plant growth conditions 
Fungal cultures were stored as noted in section 2.2. Barley (cv. Golden Promise) seedlings 
were grown (≈100 per pot) as noted in section 2.1. Plants were used after 7 days growth. 
Wheat (cv. Riband) seedlings were also grown in the same conditions. 
 
3.3.2: Blumeria graminis f. sp. hordei development study 
Four surfaces, barley, wheat, glass (Super Premium Slides, VWR International) and cellulose 
(Medicell International Ltd.) were utilised as substrates to analyse development at 4, 8 and 16 
hour time points post-inoculation. At each time point 8 samples (glass slides or sections of 
cellulose/primary barley leaf/primary wheat leaf) from each of 3 trays or pots (24 samples in 
total) had the germination state of 50 Bgh spores assessed on them. Surfaces were infected as 
noted in section 2.2 with a spore coverage of 180 /mm
2 





) at 20 ºC and 30 % humidity in a Sanyo 
Fitotron growth room. The primary leaf (Zadoks growth 
stage 11) was defined as shown in Figure 3-1.  Both glass 
slides and cellulose were contained within plastic trays (23.5 
x 23.5 cm) with plastic lids to maintain humidity. Moist 
paper towelling was used as required to ensure high humidity 
and prevent spore dessication. Cellulose hydration and high 
humidity was maintained by the placing of cellulose on tap 
water agar. Only swollen spores indicating maintenance of 
water relations over the experimental period were counted. 
Additionally, only single spores were counted to reduce the 
possibility of growth inhibition due to crowding. Spores were 








Figure 3-1: The first fully 
emerged barley leaf.  
Equivalent to Zadok growth stage 








Class Acronym Description 
Ng: Non-germinated 
 
PGT: Emergence of one germ tube 
 
PGT/SGT: Emergence of 2 germ tubes 
 
PGT/SGT/A: Emergence of both primary and secondary germ 
tubes with the latter assuming hooking 
characteristic of the appressorial stage of 
development. 
 
PGT/SGT/A/H: All germ tubes are present and appressorial 
formation has led to penetration and subsequent 
haustoria formation. 
 
Mm (Miscellaneous: multiple) More than 2 germ tubes 
 
Mb (Miscellaneous: branched) Germ tubes present show branching 
 
Ml (Miscellaneous: long) Germ tubes present are longer than perceived 
average developmental parameters 
 
Table 1: Spore germination categories.  
Spore status for pre-penetration and early post-penetration events was assessed. Three miscellaneous categories 
showing abnormal development were observed. If spores demonstrated characteristics of these three classes they 
were assessed as follows:  MB>Ml>Mm. This was based on the assumption that more complex processes had 
taken place to cause branching.  
 
3.3.3: Fungal staining protocol 
3.3.3.1 Trypan blue stain 
Infected leaves were stained as noted in section 2.3 
3.3.3.2 Wheat germ agglutinin alexa 488 Stain 
Leaves were incubated on methanol until colour was lost and then cleared by incubation over 
night in chloral hydrate (2 g/ml). Leaves were subsequently incubated in PBS to remove 
chloral hydrate from tissue. PBS solution was changed at least twice (Karpovich-Tate et al., 
1998). The fungal structures were labelled with wheat germ agglutinin (WGA), coupled with 




Alexa-488, by incubating the leaf tissue with 1 μl/ml of WGA Stain stock solution (10 
mg/ml, Molecular Probes, Leiden, The Netherlands). After ½ hr incubation microscopic 
observation was done (section 2.4).   
 
3.3.4: Preparation of cellulose 
Cellulose strips (Cuprophan, Medicell International Ltd.) were boiled in H20, 3 times for 10 
min and then autoclaved for 15 min at 120 °C. Cellulose strips were then placed on 1.5 % 
TWA plates (23.5 cm x 23.5 cm) with sealable lids to maintain humidity. 
3.3.5: Statistical analysis 
Spore counts were analysed using „R: A language and environment for statistical computing 
version 2.5.0‟ (http://www.R-project.org). Count data were transformed by square root and 
modelled using three-way, two-way and one-way ANOVA, with inbuilt error terms to 
compensate for spatial pseudo-replication. Percentages were calculated via the equation 
[(average number of spores) / (total number of spores)]*100. The „average number‟ 
represents the average number of spores per replicate at the „pot or tray‟ level. „Total number 
of spores‟ represents the average number of spores (400) counted for all germination 
catergories at the selected time point (4, 8, 16 h.p.i.). Standard deviation was calculated 
according to the following equation:  
 
Where x is the sample mean average and n is the sample size. Standard error was calculated 
by dividing the standard deviation by the square root of the number of replicates. 
3.3.6: Microscopy  
Microscopy was performed as described in section 2.4. 
  





3.4.1: Development familiarisation 
 
 
To observe the developmental progression of Bgh on barley throughout the asexual 
developmental cycle leaves were infected with spores of the Bgh isolate DH14. At time 
points relevant to development (0, 4, 8, 16 h.p.i., 3 and 5 d.p.i.) leaves were stained with 
Wheat Germ Agglutinin (WGA) to allow observation of development. As noted in the 
literature the infection starts with a conidium landing on a barley leaf surface (Figure 3-2A). 
By 4 h.p.i. conidia with primary germ tubes were visible (Figure 3-2B) as well as others 
where a second germ tube had begun to emerge (Figure 3-2C). By 8 h.p.i. many of these 
Figure 3-2: Developmental cycle of barley powdery mildew on barley.  
A) Non-germinated conidium. B) Primary germ tube emergence. C) Secondary germ tube emergence (arrow). D) 
Development of appressorium proper followed by penetration of epidermal cell and haustorium formation (   ).  E) 
Creation of haustorium supporting the formation of secondary epiphytic mycelia (F) formation. G) Formation of 
conidiophore followed by release of air-borne conidia. Central picture shows well developed powdery mildew pustules. 
Fungal structures stained with WGA-Alexa 488, background fluorescence removed for clarity. Scale bar = 20 µm 
approx 
 




secondary germ tubes had elongated, hooked and swollen to form the appressorium (Figure 
3-2D). By 16 h.p.i. haustorial formation was present (Figure 3-2E). By 3 d.p.i. epiphytic 
mycelium had begun to form (Figure 3-2F). This supports the formation of epiphytic mycelia 
growth across the leaf surface and results in the completion of the lifecycle by the production 
of the airborne spores on conidiophores, which are visible by 5 d.p.i. (Figure 3-2G).    
 
3.4.2: Germination profile on barley 
A three-way ANOVA reveals that the germination states of Bgh spores on barley differs 
significantly from the other surfaces tested (wheat, cellulose and glass) over the time points 
selected (4, 8, 16 h.p.i.) (P < 0.001). Additionally, there is an interaction between surface type 
and time that affects the relative proportion of the germination states upon those surfaces (P < 
0.001) (Appendix B, 9.2.1).  
 
A profile of the growth stages reached by Bgh at three time points (4, 8, 16 h.p.i) on barley is 
shown in Figure 3-3. At 4 h.p.i. the majority (an average of 264 out of 400, equating to 66.16  
% ± 6.19 % s.d.) of spores assessed remained non-germinated. Germlings with a primary 
germ tube (PGT), second germ tube (SGT) and appressorial (A) stages of development were 
also observed. Conidia with solely a primary germ tube formed the minority of these 
germinated spores (17, 4.43 % ± 0.66 % s.d.). The majority of germinated spores (69, 17.4 % 
± 2.75 % s.d.) had matured to produce a second germ tube. This class average was 
significantly larger than the two other stages of germinated conidia following normal 
morphological development (P < 0.001, n = 3 for both PGT and A classes respectively) 
(Appendix B 9.2.1.2 and 9.2.1.3). At 4 h.p.i. an average of 44 conidia (11 % ± 1.8 % s.d.) 
had begun to show preliminary indications of advanced appressorial formation (including 
both swelling and hooking of germ tube terminus) (Figure 3-2 and Figure 3-3). Additionally, 
a small number of spores were spotted undergoing multiple germ tube formation.  





Figure 3-3: A graph profiling development of Bgh on barley at 4, 8 and 16 hours post-inoculation.  
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; A = Appressoria formation (with symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. Levels of non-
germinated spores at 4 h.p.i.= 265 ± 14 s.e.; 8 h.p.i.= 243 ± 3 s.e. 16 h.p.i.=  216 ± 12 s.e. approximate to the 
nearest spore. (Error bars = ± standard error, n = 3. Graph constructed from average of 400 spores, 3 
independent means of 8 sub-replicates) 
 
As time progressed (8 and 16 h.p.i) the stages of development achieved by Bgh also 
progressed. Numbers of non-germinated conidia decrease at 8 and 16 h.p.i. At 8 h.p.i. 
significantly more spores achieved secondary germ tube status than primary germ tube status 
(P < 0.01, n = 3, Appendix B 9.2.1.4). By 8 h.p.i. the numbers of conidia undergoing 
appressorial formation was significantly larger (P < 0.001, n = 3, Appendix B 9.2.1.5 and 
9.2.1.6) than those that had attained primary and secondary germ tube status. Both 
observations may be explained by normal developmental stage progression of the fungus. At 
16 h.p.i. the PGT to SGT trend observed at 8 h.p.i. is reversed. This may be explained by the 
delayed germination of physiologically less-fit spores, combined with developmental 
progression of fitter spores to later stages of development. The average proportion of 




appressoria decreases (although not quite significantly, P = 0.05467, n = 3, Appendix B 
9.2.1.7) to approximately 94 (23.58 % ± 4.78 % s.d., 16 h.p.i.) from 147 (equating to 36.8 % 
± 6 % s.d., at 8 h.p.i.) as haustorial formation occurs. At both time points the number of 
spores accorded to the aberrant “multiple” germ tube class were reduced compared to 4 hr. In 
summary, the behaviour of Bgh isolate DH14 isolate appears to follow expected growth 
behaviour upon the host. 
 
3.4.3: Germination profile on wheat 
 
Figure 3-4: A graph profiling development of Bgh on wheat at 4, 8 and 16 hours post-inoculation.  
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; A = Appressoria formation (with symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. Levels of non-
germinated spores at 4 h.p.i.= 309 ± 10 s.e.; 8 h.p.i.= 298 ± 7 s.e.; 16 h.p.i.= 279 ± 12 s.e. approximate to the 
nearest spore. (Error bars = ± standard error, n = 3. Graph constructed from average of 400 spores, 3 
independent means of 8 sub-replicates). 
 
The profile for development at 4, 8 and 16 hours on wheat is shown in Figure 3-4. At all time 
points fewer conidia germinated upon this surface in comparison to the natural host barley 
(for example at 16 h.p.i. P = < 0.001, n = 3, Appendix B 9.2.1.8). As time increases fewer of 
the germinated conidia are observed at the early stages of development (i.e. formation of the 




primary germ tube/second germ tube) whilst more attain formation of appressoria. By 16 
h.p.i. development the majority of germinated conidia have reached appressorial formation 
(Figure 3-4 and Figure 3-5). This observed average (103 conidia, 25.9 % ± 4.3 % s.d.) is 
very similar to those observed on barley (94 condia, 23.58 % ± 4.78 % s.d.) (No significant 
difference at α = 0.5, Appendix B 9.2.1.9). This may be due to a decrease in barley of 
conidia with solely this developmental state as many progress to begin haustorial formation. 
Only rarely was the formation of haustoria observed on wheat and this was significantly less 
than that observed for barley (P = < 0.001, n = 3, Appendix B 9.2.1.10).  
3.4.4: Germination profile on glass 
On glass (Figure 3-5 and Figure 3-6) fungal germination profiles appear fundamentally 
different from that on barley. At all time points significantly fewer spores germinated 
compared to those on barley (for example at 4 h.p.i. P < 0.05, n = 3, Appendix B 9.2.2.1) as 
the average number of non-germinated conidia for barley is approximately 264 (66.16 % ± 
6.19 % s.d.) whilst for glass it is 317 spores (79.4 % ± 5.57 % s.d.). Although spores reached 
secondary germ tube status only one spore formed an appressoria at 4 h.p.i. Notably spores 
with primary germ tubes were significantly more numerous than on barley at most time 
points (for example at 8 hours P < 0.001, n = 3, Appendix B 9.2.2.2) where the barley 
average is approximately 8 (1.91 % ± 0.94 % s.d.) compared to approximately 43 (10.66 % ± 
7.28 % s.d.) on glass. 16 h.p.i. (Appendix B 9.2.2.3) is an exception. Conversely, spores with 
secondary germ tubes and appressoria were found in greater numbers on barley at all time 
points.  
 
At all time points the majority of germinated spores were of the primary germ tube types (for 
example at 16 hours, p ≤ 0.001, n = 3, Appendix B 9.2.2.4, when compared to the secondary 
germ tube form). At 4 and 8 h.p.i. spores representing most developmental stages observed 
were not significantly different from each other. This was not the case with the 16 hour time 
point where each recorded class differed significantly with the equivalent class at earlier time 
points. Fewer spores germinated (P < 0.05, n = 3, Appendix B 9.2.2.5), leading to fewer 
attaining primary (P < 0.001, n = 3, Appendix B 9.2.2.6) and secondary germ tube status (P < 
0.05, n = 3, Appendix B 9.2.2.7). Small numbers of spores were symptomatic of aberrant 
germination with the formation of multiple germ tubes, or with branched germ tubes. 
Similarly germ tubes were observed that were longer than expected. It appears glass causes 








Figure 3-5: Extent of Bgh Development on different surfaces.  
A) Germ tube emergence from Bgh developing on cellulose at 4 h.p.i. B) Germ tube emergence on cellulose at 8 
h.p.i. with a subsidiary germ tube (black arrow) shown growing above the focal plane. Since no contact will be 
made with the underlying surface, the elongation of a such germ tube ceases, leading to the outgrowth of other 
germ tubes. C) Emergence of primary germ tubes, and secondary germ tubes with appressorial hooking from 
spores upon barley at 8 h.p.i. D) Emergence of primary germ tube, appressorial germ tube with hooking from a 
conidium upon wheat at 16 h.p.i. Note the re-attempted penetration generally associated with failure of initial 
penetration attempt (marked by arrow).  E) Germination of multiple germ tubes (arrow) from a spore developing 
upon wheat. In this case one or more of the germ tubes may terminate growth as subsidiary germ tubes. F) and 
G) Light microscopy of barley powdery mildew spore upon glass at 8 h.p.i. Germination with branched or long 
germ tubes. Scale Bars = 20 μm approx.  
 

































3.4.5: Germination profile on cellulose 
Bgh germination upon cellulose membranes is shown in Figure 3-5 and Figure 3-7. Activity 
upon this surface appeared similar to that upon glass. Lower germination was encountered 
than upon barley, although the same at each time point as on glass (e.g. Appendix B 9.2.3.1 
and 9.2.3.2;) expect 16 h.p.i. (Appendix B 9.2.3.3). Of those that germinated the majority 
developed just one primary germ tube, and for most time points (the exception being 16 
h.p.i.) although similar to glass (Appendix B: 9.2.3.4 to 9.2.3.6) it appeared that significantly 
more reached this status than on wheat (Appendix B:9.2.3.7 to 9.2.3.9). In comparison to 
glass, however, appressorial formation was observed at alter time points (although rarely at 
only 4 spores) although to a significantly lesser degree than on both barley and wheat at all 
Figure 3-6: A graph profiling development of Bgh on glass at 4, 8 and 16 hours post inoculation. 
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; A = Appressoria formation (with 
symptomatic hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = 
Long germ tubes; Mm = More than 2 germ tubes. The final three classes are considered aberrant 
germination states. Levels of non-germinated spores at 4 h.p.i.= 318 ± 13 s.e.; 8 h.p.i.= 332 ± 13 s.e.; 16 
h.p.i.= 376 ± 3 s.e. approximate to the nearest spore. (Error bars = ± standard error, n=3. Graph 
constructed from average of 400 spores, 3 independent means of 8 sub-replicates) 
 




time points. No haustoria were observed. Just as for glass-based development this was 
expected as penetration of the fungus required for this stage is impossible upon this surface. 
 
Figure 3-7: A graph profiling development of Bgh on cellulose at 4, 8 and 16 hours post-inoculation.  
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; A = Appressoria formation (with symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. Levels of non-
germinated spores at 4 h.p.i.= 298 ± 4 s.e.; 8 h.p.i.= 306 ± 10 s.e.; 16 h.p.i.= 289 ± 12 s.e. approximate to the 
nearest spore. (Error bars = ± standard error, n = 3. Graph constructed from average of 400 spores, 3 













To assess the morphological effect on germination of different surfaces, and to form the basis 
for future work, a basic characterisation of Bgh development on different surfaces was made. 
To summarise, at all time points when on barley, the fungus followed expected 
developmental behaviour in accordance with known descriptions (Both and Spanu, 2004). A 
small number of spores with more than two germ tubes were spotted, representing a departure 
from expected development. These numbers decreased with time. An explanation may be the 
initial failure by some conidia to recognise the surface as conducive to growth, or the 
movement of the spore after initial deposition resulting in a failure of PGT/surface contact. In 
comparison to development on barley, all other surfaces permitted varying stages of 
development combined with lesser rates of germination.  
 
Development on wheat followed the same pattern as on barley and appeared to match what is 
known about germination behaviour of forma specialis on inappropriate hosts (Olesen et al., 
2003). These results suggest most of the signals thought to induce each stage of Bgh pre-
penetration development are found at similarly optimal concentrations on wheat. Of 
significance was the heavily reduced formation of haustoria (which in other studies observing 
the progression of Bgh infection on wheat was apparently absent altogether) (Olsen et al., 
2003). It is possible that wheat basal defence responses are preventing penetration by many 
appressoria. Although not actively assessed, papillae formation by wheat was observed 
during the study. This defence formation is thought by some authors to be the major form of 
resistance to forma specialis infection attempting an infection on a non-host (Olesen et al., 
2003). Furthermore, spores that formed appressoria often formed a “node” or enlargement on 
the side of existing appressoria that is indicative of re-attempted penetration (Figure 3-5). No 
distinction was made during the study between “lobed”, swollen or “hooked” appressoria 
although each, may represent different stages within appressorial formation. Therefore, it is 
possible other factors including reduced appressorial maturation were affecting penetration. 
As noted by Iwamoto et al., (2002; 2007) the thorough removal of barley cuticle, although 
allowing AGT and later stages of appressorial germ tube formation, did not permit 
penetration due to a failure to initiate turgor generation within the appressoria. Iwamoto et al., 
suggested that a signal derived from the leaf stimulates the final act of pre-penetration Bgh 




development. If this is true such a signal may not exist in optimal conditions on the wheat 
leaf surface and a reduction in frequency of attempted penetration by Bgh may result.        
 
Development on barley and wheat, compared to that on glass (where primary germ tubes and 
secondary germ tubes were present) or cellulose (where, rarely, appressorial germ tubes were 
present) confirms that signals sensed by the PGT are not the same as those sensed by the 
AGT/APP (Zhang et al., 2005). What these are remain to be fully elucidated, although the 
inevitable lack on cellulose or glass of the C26 aldehydes Tsuba et al., (2002) noted as being a 
highly inductive component of the barley cuticle suggest at least one critical signal missing 
for successful development.  
 
On glass the majority of germlings appeared to stop at the PGT stage of germination. A 
second germ tube may not necessarily indicate a higher stage of development. Many may 
have been subsidiary germ tubes that failed to contact the surface (Wright et al., 2000; Wright 
et al., 2002). Later hydrophobicity experiments (Chapter 4) suggested the glass slides as 
used in this original characterisation were coated with an unknown substance and highly 
hydrophilic. Nicholson et al., (1993) suggest a concomitant drop between surface and spore 
hydrophobicity is necessary to permit normal development. Carver et al., (1999) note how 
increased targeting of the PGT occurs on more hydrophobic surfaces. Additionally Zabka et 
al., (2008) have recently shown on glass slides treated with varying amounts of aldehyde that 
greater development is shown on those slides whose treatment generated increased 
hydrophobicity. Consequently, it may be inferred that an unknown substance on these non-
pre-cleaned slides either i) acted as a direct inhibitor of later stages of germination, and/or ii) 
resulted in a drop of hydrophobicity that led to reduced ECM release and a negative impact 
on development. Indeed, later studies within this investigation and others suggest it is 
possible to observesignificant appressorial formation on glass when cleaned (Francis et al., 
1996; Zabka, 2008). Therefore cutin monomers etc, although being sufficient for 
germination, are not absolutely necessary for germination on glass as other factors, 
potentially physical in nature, such as hydrophobicity, may also influence germination to an 
extent. Unfortunately, the effect of this unknown substance on previous work determining 
expression levels of CMEGs upon glass (by Dr. Maike Paramor) is unknown and offers 
potential complications for future work.   
 




A truer indicator of development is the formation of an appressorial germ tube or 
appressorium, as demonstrated on cellulose. This is interesting as past work has shown a 
greater release of ECM on cellulose (with a contact angle of 27˚) to glass (contact angle of 
38˚) (Wright et al., 2002). This formation may result from the presence of cellulose 
breakdown products under the action of ECM-contained cellulases (Wright et al., 2002). 
Interestingly, more conidia on cellulose formed “aberrant germination states” in comparison 
to the other surfaces. This may be an indicator of the surface being an imperfect inducer on 
some level, for example hydrophobicity, microporocity, or because of potential over-
stimulation by cellulose breakdown products. Consequently, although permitting later 
germination stages it is most likely signals required for early germination are incomplete. For 
example while the PGT was induced, a lower efficiency of targeting of the PGT to the 
surface may occur in comparison to that seen on the host (Wright et al., 2000). This would 
result in multiple “subsidiary germ tubes” (MM). Failure to stop the elongation of the PGT 
would explain the presence of elongated germ tubes (ML). Yamaoka et al., (2006) suggest 
elongation termination is necessary to allow AGT formation, and showed that by removing 
the coleoptile surface PGT length increased and AGT emergence was delayed. Again this 
suggests host factors are required and their lack may also explain the formation of branched 
germ tubes (Mb). 
 
In this chapter the differential response of Bgh to diverse surfaces has been characterised. It is 
clear that Bgh shows distinct developmental behaviour on the host, with truncated 
development on surfaces other than the host. In the next chapter this work is progressed to 
discern the germination behaviour of this mildew in response to selected stimuli. Attempts to 
relate the signals to effects on gene expression are discussed therein.  
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Chapter 4: Germination on Modified Surfaces 
4.1: Introduction 
Germination of a fungal spore may be viewed as the most critical step in pathogenesis (Seong 
et al., 2008). Bgh is an ascomycete pathogen that invades its host via an appressorium. The 
surface recognition process required to reach this level of development is a complex process 
requiring multiple signals in the form of both physical properties, such as hydrophobicity, 
and cuticle derived compounds such as cutin monomers and cellulose (Hall et al., 1999).  
4.1.5: The plant cuticle 
Before reaching the nutrients of a plant, a pathogen must overcome the outer layers of the 
host, the first of which is the cuticle (Walters, 2006) This covering has multiple roles for the 
plant including preventing water loss, and defence (Liu, 2006; Koch et al., 2008). 
 
In contrast to the plant cell wall (containing cellulose, hemicelluloses and lignin) the plant 
cuticle is made of cutin (a polymer containing fatty acid derivatives) and is coated with 
waxes (Wisniewska et al., 2003; Jetter et al., 2006; Chassot et al., 2007). Although a direct 
barrier to assault, pathogens have evolved to recognise signals derived from the cuticle to 
spur certain stages of infection (Chassot et al., 2007). The components of the cuticle are 
synthesised by the underlying epidermal cells and based on their properties the cuticle can be 
defined as hydrophobic (Heredia, 2003; Bargel et al., 2006). 
 
Polysaccharides and pectins link this extraneous coverage to the plant cell wall below 
(Wisniewska et al., 2003; Bargel et al., 2006). Although variable in structure, depending on 
the species involved, the cuticle can be generalised into a structure of 2 layers; the „cuticle 
proper‟ (on top of which lie the „epicuticular waxes‟) and the cuticle layer (Bargel et al., 
2006) (Figure 4-1). It is important to note however that to a great extent the structure of the 
cuticle is unknown (Koch and Ensikat, 2008). 
 




Figure 4-1: Simplified cross section of the plant cuticle.  
Theorised position of constituents shown. The „cuticle proper‟ is believed to be made from alternating layers of 
wax and cutin. The cuticle layer thickness and exact composition depends on the species being considered. 
Pectin is not labelled as its evidence as a discrete layer only exists for some species (Koch and Ensikat, 2008). 
Cutan is a second bio-macromolecule, composed of ether-linked long chain alkyl moieties. Present in fossilised 
cuticles it is thought to be present in some extant species (Bargel et al., 2006). Modified from: Bargel et al., 
(2006). 
Cutin is the main component of the cuticle (forming 40 to 80 % of the total structure) 
(Heredia, 2003). Cutin itself is a bio-polyester of C16 and C18 esterified fatty acids, 
hydroxylated and epoxyhydroxylated with the ratio between the two being species specific 
(Heredia, 2003; Bargel et al., 2006). Major examples of C16 cutins include 9- or 10,16-
dihydroxyhexadecanoic acid and 16-hydroxyhexadecanoic acid (Heredia, 2003). An example 
of the C18 monomer family would be 9,10,18-trihydroxy octadecanoic acid. The cutin 
monomers are often cross-linked by ester bonds, which can be broken by esterases (cutinases) 
(Muller and Riederer, 2005). Depending on the location of the surface in question other 
constituents may be present including dicarboxylic acids and glycerol compounds (Bargel et 
al., 2006). Work by Francis et al., (1996) has demonstrated the potential for the induction of 
Bgh germ tubes by cutin monomers. Two synthetic cutin monomers (cis-9,10-epoxy-18-
hydroxy-stearic acid and 8,16-dihydroxy-palmitic acid, equivalent to those present in the 
barley leaf) were added to glass slides and on doing so caused an increase in the percentage 
of AGT formation by Bgh developing on these slides compared to the control. 
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Present in the cuticle (as „intracuticular wax‟) aliphatic or aromatic lipids are most visible in 
their epicuticular forms when present as complex 3-D structures (Bargel et al., 2006). These 
epicuticular waxes are the interface between the plant and the wider environment (Koch et 
al., 2006). In general waxes are a complex mixture of long chain aliphatics, such as alkanes, 
alkenes, esters of fatty acids and primary alcohols, free fatty acids, alcohols, aldehydes, 
ketones and cyclic compound such as terpenoids and phenolic compounds (Heredia, 2003; 
Wisniewska et al., 2003). These complex molecules can have varying lengths of hydrocarbon 
backbone (between 20 to 40 carbon atoms approximately) (Muller and Riederer, 2005). For 
many plants, the composition of the epicuticular waxes can differ from the intracuticular and 
as with cutin the exact make-up of the waxes is species specific (Jetter et al., 2000; Bargel et 
al., 2006). As noted in section 1.2.5 Tsuba et al., (2002) confirmed the involvement of wax 
layer components in the emergence of both the Bgh AGT and the development of the APP. In 
their investigations the authors observed the percentage of emergence/formation of Bgh 
appressorial structures developing on polystyrene petri dishes coated with different fractions 
of barley wax. The results of these tests suggested the aldehyde fraction in particular was 
extremely inductive for both AGT emergence and APP formation. Additionally, trialling of 
aldehydes of different chain length suggested those with a backbone of 26 carbons induced 
the highest proportion of AGT and APP (Tsuba et al., 2002).  
 
Epicuticular waxes often have a major component or class and may form structures which 
protrude from the epicuticular layer itself („epicuticular wax crystals‟) (Jetter et al., 2000; 
Bargel et al., 2006). These wax crystals may have various shapes (determined by their 
constituents) which may include platelets, ribbons and tubules (Barthlott et al., 1998; 
Gniwotta et al., 2005). These crystals are also believed to have the ability to self assemble 
(Koch and Ensikat, 2008). In the case of Hordeum vulgare, in a study by Baum et al., (1989) 
the authors found in barley grown to anthesis, that epicuticular wax crystals were present as 
filaments. Additionally they note the waxes presented an average alcohol content of 40 to 60 
% (the authors monitored for hexacosanol) and a hydroxyl-ß-diketone (in this case 25-
hydroxyhentriacontane-14, 16-dione) was present. They also note that other studies by 
Mikkelsen (1979) which found other ß-diketones (such as triacontan-16,18-dione; nanacosan-
12,14-dione and nanacosan-14,16-dione). Furthermore they note that in eceriferum mutants 
waxes may be present as plates rather than filaments (Rubiales et al., 2001). It should be 
noted however that Baum et al., (1989) did not differentiate between internal and external 
waxes (and it must also be remembered that wax content can alter with the age of the plant).   
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4.1.6: Hydrophobicity  
One of the primary roles of the cuticle is that of water repellence. This makes the surface of 
the plant harder to colonise by microbes due to a reduction in the leeching of plant nutrients 
and also because free water is minimised (Bargel et al., 2006). The hydrophobicity of a 
surface is assessed by the contact angle that a water droplet makes with the surface in 
question (Figure 4-2) (Lee et al., 2006). For example the more hydrophobic a surface, the 
more the droplet assumes a spherical shape (resulting in a higher contact angle) and the lower 
the area of contact between surface and droplet. For detailed descriptions regarding the 
thermodynamics involved and equations used to model the interactions between the liquid, 
surface and surrounding vapour the reader is referred to Koch et al., (2008). Suffice to say the 
wettability of a surface depends on the equilibrium of energy required to maximise the liquid 
surface area and the energy gained by adsorping to the surface below.  
 
In general surfaces with a contact angle (Figure 4-2) of less than 90° are called „wettable‟ (or 
„hydrophilic‟) and those above 90° are considered „non-wettable‟ (or „hydrophobic‟) (Bargel 
et al., 2006). Koch et al., (2008) go further, defining superhydrophillic surfaces as one which 
presented a contact angle as less than 10°. In contrast an especially hydrophobic surface, with 
a contact angle in excess of 150°, can be classified as „superhydrophobic” (Lee et al., 2006; 
Koch et al., 2008). 
 
As a rule, the hydrophobicity of a surface depends not just on its chemical properties but its 
geometrical properties (Lee et al., 2006). Rough plant surfaces can give larger contact angles 
than would be true of a surface of similar hydrophobicity, but smoother nature (Wisniewska 
et al., 2003). The roughness of a plant surface can be decided by the presence of features such 
as cuticular folding, the presence/structure of epicuticular waxesm and any plant micro-
structures (e.g. trichomes) (Bargel et al., 2006). Two major theories exist in regards to surface 
roughness increasing the contact angle. The first revolves around rough surfaces presenting 
an increased surface area to a droplet. If complete wettability is assumed this greater surface 
area will lead to greater repellence (or attraction) compared to a comparable flat surface 
(Wenzel, 1936). The second theory regards the possibility of an increase in contact angle due 
to the water “sitting” on trapped air (Cassie, 1944).    
 





























Investigations have also suggested a role for hydrophobicity in Bgh development. Carver et 
al., (1999) observed how surfaces which were treated to increase hydrophobicity showed a 
greater level of ECM release in comparison to control surfaces. Additionally, more recent 
studies by Zabka et al., (2008) demonstrated an inductive effect of artificial surfaces that 
were free of plant wax components but were siginificantly hydrophobic.  
4.2: Aims and objectives 
 
As a consequence of earlier work which demonstrated the effects on Bgh isolate DH14 
growth of different germination surfaces, efforts were made to define the nature of the stimuli 
received by the fungus during early development. Previous work by Dr. Maike Paramor has 
shown the existence of genes with distinct expression patterns during germination on the host 
and other surfaces, especially on glass. The effect of these stimuli on the expression of these 
genes during Bgh isolate DH14 development on glass and other surfaces at 4 h.p.i. was 
investigated in the belief that such information would elucidate role of the stimuli, the gene 
and its clusters role in development, and potentially their role in Bgh pre-penetration 
Figure 4-2: Contact angle and wettability.  
A) The advancing contact angle of a droplet. B) The Four classes of leaf Wettability.  
Modified from Source: Koch et al., (2008) 
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pathogenicity. As a result the position of Bgh as a model organism for powdery mildews 
would be consolidated and the identification of targets for new fungicides would be 
permitted. 
 
After a general screen of a number of barley cuticle components (Figure 4-3), glass slides 
were enhanced with the barley cutin monomer 16-hydroxyhexadecanoic acid, 1-hexacosanal 
(a synthetic C26 aldehyde similar in properties to a C26 aldehyde present within the 
epicuticular wax fraction of the barley leaf surface (Tsuba et al., 2002) and also a rough 
cuticle extraction derived from barley leaves.  These additions were believed to emulate 
signals encountered by Bgh on the barley leaf surface and would hopefully cause 
development on the glass slides to resemble that found on the host.  Several small 
development characterisation studies were carried out followed by the employment of 
quantitative real time PCR to determine whether these differential gene expression patterns 
could be altered to match those encountered during germination on barley. Additionally, 
analysis of surface hydrophobicity on enhanced glass slides, abaxial and adaxial barley and 
wheat leaf surfaces, hydrophilic and hydrophobic gelbond (a polyester film used for 
supporting polyacrylamide gels) was carried out to define the exact nature of the signal 
affecting CMEG expression.  
 
 
Figure 4-3: Compounds applied to glass slides.  
A) 16-hydroxyhexadecanoic acid. B) 1-hexacosanal. C) 1-hexacosanol. D) hexacosanoic acid. E) 1-dodecanol. 
Source: A) Gouin et al., 2005 B) http://www.pherobase.com/database/compound/compounds-detail-26Ald.php 
C) http://wtt-pro.nist.gov/wtt-pro/index.html?cmp=1-hexacosanol#1-hexacosanol;06;3g;5g/c;0,0/a;219,131/ D) 
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=H0388|SIGMA&N%=SEARCH_CONC
AT_PNO|BRAND_Key&F=SPECi    E) 
http://www.sigmaaldrich.com/catalog/ProductDetail.do?lang=en&N4=44095|FLUKA&N5=SEARCH_CONCA
T_PNO|BRAND_KEY&F=SPECi Date accessed: 9/2/2011 
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4.3: Materials and methods 
4.3.1: Stimuli screen  
(performed by Oliver Cole under supervision, methods are quoted from undergraduate 
report) 
Ether extract of cuticular components 
The primary and secondary leaves of 300, 14-day-old uninfected barley plants were 
incubated for 1 minute in anhydrous diethyl ether (Iwamoto et al., 2002). The final solution 
(200 ml) formed two phases and the lower aqueous phase was discarded. 
 
Synthesis of 1-hexacosanal  
(Performed by Cassim Ashraff, Department of Chemistry, Imperial College London) 
After attempts to synthesise hexacosanal using the method of Tsuba et al,. (2002) proved 
unsuccessful the method of Corey and Suggs (1975) was used. To summarise, 1-hexacosanol 
(Sigma Aldrich) was oxidised by pyridinium chlorochromate (Sigma Aldrich) with acetone in 
dichloromethane (dried over calcium chloride) as a solvent. The reaction was stirred 
continuously for 3 hours under an argon atmosphere. The hexacosanal product was purified 
using column chromatography, with the identity and purity (recorded as 95 %) assessed by 
both thin layer chromatography and NMR. 
 
Treatment of glass slides 
Glass multi-well slides (containing 6 x 0.385 cm
2
 wells) were treated with 50 μl of stimuli 
solution (cuticular extract, 1-dodecanol, 16-hydroxyhexadecanoic acid, hexacosanoic acid, 1-
hexacosanal, 1-hexacosanol), applied by positive displacement pipette to three wells on each 
slide. The solvent was allowed to evaporate, before more solution was applied as required. 
Cuticular extract equivalent to 1.5 leaves per cm
2
 containing cuticular components 
(equivalent to about 1.5 leaves cm
-2
), 16-hydroxyhexadecanoic acid and 1-dodecanol 
(equivalent to 0.385 μg cm-2 corresponding to work performed by Francis et al., 1996) and 
0.5 μg cm-2 of C26 compounds (hexacosanoic acid, 1-hexacosanal, 1-hexacosanol, 
corresponding with findings of Tsuba et al., 2002) were applied to each well. 1-dodecanol 
and 16-hydroxyhexadecanoic acid were dissolved in diethyl ether, while C26 compounds (1-
hexacosanol, 1-hexacosanal, hexacosanoic acid) were dissolved in dichloromethane.  
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Inoculation of treated slides 
Plastic trays (272 mm x 272 mm) with lids were lined with moistened paper towelling to 
maintain humdity. Treated glass slides were placed directly onto the moistened paper 
towelling. Mature Hordeum vulgare cv. Golden Promise with widespread infection, having 
been shaken 24 hours before, was then shaken over the treated slides to ensure inoculation 




) at 20 ºC and 30 % 
humidity in a Sanyo Fitotron growth room for 24 hours before visual assessment for growth 
stages.  
Assessment of developmental stage 
24 hours after inoculation, 8 slides per treatment had 150 conidia randomly assessed (50 per 
well, 3 wells in total) according to the classifications in  
Table 2, using a Leitz Diaplan microscope at 400x magnification. Glass slides were observed 
directly (without a cover slip).  
 
4.3.2: Cleaning of glass slides 
Glass Slides (Super Premium Microscope Slides, VWR) were left for approximately 10 min 
in a mixture of Chromic and Sulphuric Acid (VWR International). After thorough washing in 
distilled water the slides were then air-dried. 
 
4.3.3: Aldehyde, cutin monomer and cuticular extract application to glass slides 
The primary leaf of 7-day-old uninfected barley plants were incubated for 2 x 5 minute 
intervals in anhydrous diethyl ether (Iwamoto et al., 2002). The 16-hydroxyhexadecanoic 
acid was dissolved with diethyl ether (BDH) to produce a final concentration of 1 mg/ml. 3 
ml of the mixture or of diethyl ether were then applied to clean glass slides using Microman
®
 
Positive Displacement Pipettes (Gilson), resulting in a 0.015 mg/cm
2
. Similar procedure was 
followed for the coating of slides with aldehyde (to a final concentration of 0.5 µg/cm
2
) and 
cuticular extract (to a final concentration of 1 cm leaf surface/cm
2
). The mixture was spread 
using a moulded glass pipette. Slides were then freeze dried for 15 min or longer. Slides were 









Class Acronym Description 
Ng: Non-germinated 
 
PGT: Emergence of one germ tube 
 
PGT/SGT: Emergence of 2 germ tubes 
 
ESGT/App: Emergence of both primary and secondary germ 
tubes with the latter assuming some 
characteristics of a fully formed appressorial germ 
tube. 
 
PGT/SGT/A: Emergence of both primary and secondary germ 
tubes with the latter assuming hooking 
characteristic of the appressorial stage of 
development. 
 
PGT/SGT/A/H: All germ tubes are present and appressorial 
formation has led to penetration and subsequent 
haustoria formation. 
 
Mm (Miscellaneous: multiple) More than 2 germ tubes 
 
 
Table 2: Spore germination categories used in the „Stimuli Screen‟.  
Spore status for pre-penetration and early post-penetration events was assessed. One miscellaneous category, 
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4.3.4: Cutin treatment studies 
Studies were conducted to discern the effect of cutin monomer (16-hydroxyhexadecanoic 
acid, Fluka Ltd.) addition to glass slides on germling development. In the first non-chromic 
acid cleaned glass slides were treated with diethyl ether, diethyl ether/cutin monomer, or left 
untreated. 10 slides in each of 4 trays had development categorised for 80 spores per slide 
after 16 h.p.i. In the second test all slides were pre-cleaned with chromic acid and then 
similarly treated. 3 slides (in each of 9 trays) were assessed for development of 100 spores 
after 16 h.p.i. Germlings were graded according to classifications as listed in Chapter 3, 
Table 1. 
4.3.5: Developmental behaviour at 4 and 16 h.p.i. on host, treated and artificial 
surfaces 
In both studies 3 batches of 3 independent replicates (either humidity regulated trays in the 
case of modified slides or gelbond surfaces, or pots in the case of plant surfaces) had 30 
spores assessed for each of 3 slides/gelbond segments or 3 leaves contained therein. Surfaces 
assessed include 7-day-old primary barley and wheat leaves, slides left un-cleaned, slides pre-
cleaned with chromic acid, slides treated with cutin monomer, aldehyde, and cuticular 
extract, segments of hydrophobic and hydrophilic gelbond. Fresh Bgh spores (infected plants 
were blown 12 hours previously) were sprinkled to an approximate density of 150 spores per 
cm
2
. Single, intact spores were assessed according to the classification scheme first 
mentioned in Chapter 3, Table 1.     
4.3.6: Analysis of surface hydrophobicity 
Droplet diameter was measured using a method modified from Hill et al., (1980). Surfaces to 
be tested were placed flat on a level table as verified by a spirit measure. 20 μl of 1  % 
aqueous crystal violet solution was dropped onto the surface from a height of 10 mm. The 
droplet was then photographed in profile. 5 droplets each were applied to each of 5 surface 
replicates. Surfaces tested via this method include the hydrophilic and hydrophobic sides of 
GelBond
®
 (Lonza Rockland inc.), the adaxial and abaxial side of barley leaves, slides left 
untreated, slides cleaned with chromic acid, slides treated with 0.015 mg/cm
2
 16-
hydroxyhexadecanoic acid and slides treated with ether solvent. Advancing contact angles 
were measured on a Kruss „Easy Drop‟ goniometer with „teli ccd‟ camera at 20 °C and 33.5 
% humidity. 10 µl drops of sterile double-distilled water were applied to surface. 5 drops per 
replicate to each of 5 replicates per surface were assessed. Statistical analysis was performed 
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utilising 1-Factor ANOVA. Homogeneity of variances was assessed utilising the Levene 
statistic and where homogeneity was not assured a Games-Howell post-hoc analysis was 
used. Where homogeneity was assured a post-hoc Tukey Test was employed. As a further 
check a Welch Test was performed to support the conclusions of the Games-Howell test. All 
analysis was performed utilising „PASW statistics 18, release 18.0.0 (Jul 30, 2009) SPSS 
inc.‟ 
 
4.3.7: Statistical Analysis 
Spore counts were analysed using „R: A language and environment for statistical computing 
version 2.5.0‟ (http://www.R-project.org). Count data were transformed by square root and 
modelled using one-way ANOVA, with inbuilt error terms to compensate for spatial pseudo-
replication. Percentages were calculated via the equation [(average number of spores) / (total 
number of spores)]*100. The „average number‟ represents the average number of spores per 
replicate at the „pot or tray‟ level. „Total number of spores‟ represents the average number of 
spores counted for all germination catergories. Standard deviation was calculated according 
to the following equation:  
 
Where x is the sample mean average and n is the sample size. Standard error was calculated 
by dividing the standard deviation by the square root of the number of replicates. 
 
4.3.8: Photography and droplet analysis  
Images were viewed using Axiovision (version 3.1.21) software for PC with „Carl Zeiss 
AxioCam-HR‟, (version 5.05.10) and „TWAIN‟, (version 1.0) add-ons.  Light photography 
was performed with a Canon „Powershot Pro1‟ and also a Nikon D-100 with 55 mm Nikkor 
Macro Lens. 
 
Droplet diameter analysis was performed with „TINA, version 2.10g‟ (Raytek Scientific Ltd. 
(Raytest Gmbh). Advancing contact angles of droplets were assessed using „Drop Shape 
Analysis [DSA]‟ version 1.80.1.2 [HS] for Windows 9/NT/2000 (Kruss© 1997-2002). The 
profile of the sessile drop in the region of the baseline is fitted to the rational function (y = a 
+ bx + cx
0.5 
+ d/lnx + e/x
2
). This allows the advancing contact angle to be determined.  
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4.3.9: Isolation of fungal material 
7 to 10-day-old barley leaves, 7 to 10-day-old wheat leaves, non-cleaned glass slides, glass 
slides cleaned with chromic acid, cleaned slides treated with 0.015 mg/cm
2
 16-
hydroxyhexadecanoic acid, cleaned slides treated with 0.5 µg/cm
2
 1-hexacosanal, slides 




, hydrophobic and 
hydrophilic side of gelbond were sprinkled with Bgh spores at a density of 100 to 150 
spores/cm
2
. After 4 h.p.i. the surfaces were dipped in 5 % cellulose acetate in acetone. After 
drying the cellulose acetate was stripped off and stored at -80 ˚C until RNA extraction. 
4.3.10: cDNA synthesis using superscript™ III reverse transcriptase 
500 ng of RNA was used as a template for cDNA production. This procedure followed the 
protocol of the manufacturer (Invitrogen™). Briefly, contained within a 13 μl total volume 
were: 1 μl 10 MM dNTP Mix (10 MM each dATP, dCTP, dGTP and dTTP), 500 ng RNA 
template (within DEPC water) and 250 ng Random primers. This mixture was heated for 5 
min at 65˚C and then incubated at on ice for at least 1 minute. To the mix was added: 4 μl 5X 
First-Strand Buffer, 1 μl 0.1M DTT, 1 μl RNaseOUT™ Recombinant RNAse Inhibitor, 1 μl 
of SuperScript™ III Reverse Transcriptase (200 units/ μl). After mixing the solution was then 
incubated at 25 ˚C for 5 min. After this, the solution was incubated at 50 ˚C for 60 min 
followed by heat inactivation at 70 ˚C for 15 min. The cDNA was then diluted 1 in 15 in TE 
buffer (10 mM Tris, pH 7.5; 1 mM EDTA) to act as template for qPCR analysis. All 
incubation steps utilised the PTC-200™ Peltier thermocycler (MJ Research Inc.). 
 
 
4.3.11: RT-qPCR Analysis 
'Using the analysis program „Expressionist™ Analyst Pro 2.0.36 (Genedata, Basel, 
Switzerland)‟ expression profiles of genes gathered during the original microarray analysis 
were filtered by gene variance and valid value proportions to find genes that had the most 
constant expression values across all conditions (i.e. all 4 surfaces used in the original study). 
These genes were candidates for control genes and the NADH ubiquinone oxioreductase was 
selected. Welch Tests were employed to analyse the gene responses at 4 h.p.i. on barley and 
glass. Genes with the statistically most differential expression between both conditions were 
selected. PCR was then used to select genes with primer sets that would successfully 
amplify.‟ 
 















D00972 N/A Unknown GTG GAG GCG 
ATC TTC TTA 
CAA A 
CAG GCC AAC 
GGT CTA TCA 
TGC 
D00658 C00998 Glycosyltransferase GTC ACC GGA 
CGG AAC ACA GA 
CCG CGA TGA 
ATT TTG GAT GA 
C00009 N/A MAPK Interacting Protein TCC GGC CAA 
ACT GGA AAC TC 
CTC ATT CCG 
GAT GGG ACT GG 
D00881 Cluster Leader α-1,6-mannosyltransferase GCC TCA GAA 
GCC CGG AAT TT 
GCC CTC CCG 
ACT CCA TAA C 
D00944 N/A Unknown GCG AGA AGG 
CAG ACC CAT TG 
TCG CAT CGA 
AAT GCT CGA AA 
PS11B04 C01417; D00154 calcium+/hydrogen+ 
exchanger 
ATG GCC AAT 
CGT CGG AAA TG 
CCA TGG TCT 
CAA ATG TTT 
CAA AGT G 
C00482 N/A 1,3-β-glucanase CGC AAT CGG 
TCT GAG CTC CT 
CCA GGT CAT 
GGA ACG CTT T 
C01244 C00206; D00154 Transporter (related to 
PHO87) 
CAT CGT TCC 
GTA GCC AAC 
AGT G 
ATG GGT TGC 
GCT CTC ACC TG 
C01417 Cluster Leader Unknown GGC CAA CGA 
GCG GGA ACT AT 
CCG GCG TCG 
GAA TAA CAG TC 
C01157 C01417; D00154 protein disulphide isomerise TGC CGA CAA 
GGT TGT GG TTG 
GCT GGA GCA 
GTC ACCC CTT C 
C00148 N/A 1,3-β-glucanase TGC CAT CCC 
CGT ACA GAC AA 
GCC CTT GGA 
TTC GCG AAA AG 
D00189 Cluster Leader Unknown GGA CAT CAC 
CGG CAC CTG TT 
TGA CAC GGG 
TCC TTG GAT CA 
D00471 D00933 Predicted protein GAA CCG CTT 
CCG GAA CAC AC 
AGA ATC ACG 
CGT CGC ACG TA 
C00506 C00988 Mitochondrial glycerol-3-
phosphate 
CTG CGC AGG 
TCAA GAG ACC A 
ACC CGG TAG 
CAG CG GAA 
GAG 
C00563 C00206; D00154 Histone H3 CCG GTC CTC 
CAA ACG TAT CC 
AAA TCC GAC 
TTG CGG TTC CA 
C00606 Cluster leader Unknown CGA CGT CAC 
CGC GAT CAA TA 
CGC TCT AGA 
TGC TCC TGT 
CGA A 
D01260 N/A Adenosylhomocysteinase GCG TTG ACG 
TGA GCC AAG TG 
CCG GGC CAT 
TCT TCT TTC GT 
Control N/A NADH-ubiquinone 
oxidoreductase 
GCC CTG CCC 
AGG CTA TTA CC 
CTC TGC GTT 
CGG TGA CTCCA 
Table 3: Primers used for differential gene expression analysis at 4 h.p.i.  
Genes assessed during development at 4 h.p.i. on different surfaces are listed according to their EST Clone 
Library Identifier, the name of the EST used during the original microarray analysis, hosted on „The 
Phytopathogenic Fungi and Oomycete EST Database‟ by COGEME (Consortium for the Functional Genomics 
of Microbial Eukaryotes at http://cogeme.ex.ac.uk/). Where applicable their relation to CMEG clusters (genes 
with similar expression profiles during development on  the host and other surfaces at 4, 8, 16 h.p.i.)  is shown 
by listing the EST providing the most representative expression profile of the cluster. Where a gene has a profile 
upon which other genes have their profile catergorised/clustered it is labelled a „cluster leader‟. In certain cases 
the expression profile is not associated with a cluster („N/A‟). Expression profiles are shown in Figure 4-13 to 
4-30. „Putative Function‟ is based on information contained with „The Phytopathogenic Fungi and Oomycete 
EST Database‟ by COGEME.  
 
Since no attempts were to be made to compare the Relative Expression Index (REI, i.e. the 
ratio of test gene and reference gene expression) of one test gene with that of another, primer 
binding efficiencies were not determined. Instead primer efficiencies of both the test and 
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reference genes were assumed to be 1, i.e. that binding was 100 % efficient. Primers for both 
test and reference genes  were supplied in excess and experiments were conducted such that 
the same primer „master mix‟ was used in all reactions for all surfaces tested. Similarly all 
reactions for a test gene (across all 8 surfaces) were conducted within the same RT-qPCR 
run.  As a consequence any inefficiency in primer binding for either the test gene, or the 
control/reference gene, would remain constant across the surfaces tested. In turn this would 
mean any alterations in expression of the test gene  (due to the different surfaces 
tested) would still be detected and any conclusions based on these  alterations  would be 
valid. 
 
RT-qPCR analysis followed the protocols of the manufacturer (Invitrogen™) of the 
Platinum
® 
Quantitative PCR SuperMix-UDG with ROX dye. All reactions were performed 
upon an ABI systems 7500 real time PCR system. 20 μl reactions were carried out. The mix 
was as follows: 10 μl Platinum® Quantitative PCR SuperMix-UDG with ROX. Forward 
Primer (10 μM) 0.4 μl, Reverse Primer (10 μM) 0.4 μl , ROX flurogenic probe (0.04 μl) and 
Sterile HPLC grade water (BDH) to total volume inclusive of 4 μl cDNA template. All 
analyses were carried out using the Applied Bio-systems Fast System SDS software (Version 
1.4) and Microsoft Excel
©
. All primers were manufactured by Sigma
®
-Genosys Ltd. Primers 
used are shown in Table 3. 
 
The PCR amplification conditions were: 20 s at 95 ˚C, then 40 repetitions of 3 s at 95 ˚C and 
30 s at 60 ˚C. This was followed by a dissociation cycle: 95 ˚C for 15 s, 60 ˚C for 20 s, 95 ˚C 
for 1.5 s and 60 ˚C for 15 s. Following amplification threshold detection parameters (cycle 
threshold limit) were adjusted manually to optimise results. Data was logged (base 2) and 
quantities calculated by 2^-(Ct-20). Ratios were calculated by Quantity (Target)/Quantity 
(Reference). Statistical analysis was performed utilising 1-Factor ANOVA. Homogeneity of 
variances was assessed utilising the Levene statistic and where homogeneity was not assured 
a Games-Howell post-hoc analysis was used. Where homogeneity was assured a post-hoc 
Tukey Test was employed. As a further check a Welch Test was performed to support the 
conclusions of the Games-Howell test. All analysis was performed utilising „PASW statistics 
18, release 18.0.0 (Jul 30, 2009) SPSS inc.‟ 
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4.3.12: Bioinformatic Analysis  
Performed with the aid of Dr. Tim Burgis (Imperial Colelge London). Genes that displayed 
significant alterations in expression on exposure to stimuli were selected for further 
bioinformatic analysis. Unisequences (Appendix C: 9.7.1-9.7.18) were derived from 
microarray data for Bgh hosted by the COGEME phytopathogenic Fungi and Oomycete EST 
database (http://cogeme.ex.ac.uk/). Unisequences are available by following links for the 
relevant EST Library Clone Identifier. Unisequences were then blasted (utilising the „BlastN‟ 
function) against the Bgh genome (June 2007 assembly, using the „Genome v3: Contigs‟ 
setting) on the BluGen website (https://www.blugen.org/). This identified the gene most 
similar to the unisequence which could then be viewed using the „Gbrowse‟ (Generic 
Genomic Browser) function available on the BluGen website. Using the „Apollo‟ Genome 
Annotation Curation Tool function the full nucleotide and protein sequences could be then 
accessed via the annotated gene model (if one existed). Nucleotide sequences were re-blasted 
using BlastN against the genome to ascertain gene copy number and against the nucleotide 
collection (nr/nt) (hosted on NCBI, http://blast.ncbi.nlm.nih.gov/Blast.cgi) to confirm 
function. Predicted protein sequences were aligned to indicate similarity using the ClustalW2 
alignment software (http://align.genome.jp/). Automatic site settings were used alongside the 
„slow alignment‟ setting. EST and protein sequences were analysed using „ORF Predictor‟ 
software (http://proteomics.ysu.edu/tools/OrfPredictor.html), and „InterProScan‟ software 
(http://www.ebi.ac.uk/Tools/pfa/iprscan/). Protein weights were calculated using software 
hosted on http://www.sciencegateway.org/tools/proteinmw.htm. Protein sequences were 
blasted against the „non-redundant protein database‟ (NCBI) utilising the „BlastP‟ function to 
ascertain species distribution. Neighbour joining trees were drawn utilising an in-built 
function of http://align.genome.jp/. 




For the benefit of the reader the following results are linked to their relevant protocols and 
classifications used to catergorise spore germination in the following table: 





„Stimuli Screen‟ 4.3.1 Table 2 (page 79) Figure 4-4 
„Characterisation of 
Blumeria graminis f. sp. 
hordei upon cutin-
monomer treated glass 
slides‟ 
4.3.2 - 4..3.4 Table 1 (Page 58) Figure 4-6; Figure 4-7 
„Developmental 
behaviour at 4 h.p.i. on 
the host and alternate 
surfaces‟ 
4.3.3; 4.3.5 Table 1 (Page 58) Figure 4-8 
„Developmental 
behaviour at 16 h.p.i. on 
treated and artificial 
surfaces‟ 
4.3.3; 4.3.5 Table 1 (Page 58) Figure 4-9 
„Analysis of surface 
hydrophobicity‟ 
4.3.6; 4.3.7 N/A Figure 4-12 
'Effect of stimuli on 
genes differentially 
expressed at 4 h.p.i.‟ 
4.3.8-4.3.10 N/A Figure 4-13 to Figure 4-
30 
Table 4: Experimental studies featured within Chapter 4.  
Relevant materials and methods sections pertaining to each experiment are listed, as is the relevant spore 
catergorisation scheme if applicable, and also figures summarising results.    
4.4.1: Stimuli screen  
As a prelude to later work involving the assessment of gene expression after addition of 
stimuli, a small study focusing on the germination profile of Bgh on treated glass slides was 
performed by Oliver Cole, a student under the guidance of the author. Treatments included 
barley leaf cuticle extract, an aliphatic alcohol of chain length 12 (1-dodecanol), a cutin 
monomer (16-hydroxyhexadecanoic acid, a C16 compound) and C26 compounds (including 1-
hexacosanal, a synthetic C26 aldehyde and related compounds including the primary alcohol 
1-hexacosanol and hexacosanoic acid) either present, or with equivalents, within the barley 
leaf surface. Slide wells were treated by allowing solution droplets to evaporate in situ. 
Concentrations used are as listed in section 4.3.1. According to earlier studies, Chapter 3, 
the most advanced stage of development encountered during germination on glass was 
primarily the formation of a second germ tube. Therefore, if these additives did stimulate 
development, an increase in the formation of secondary germ tubes and later developmental 
structures such as appressoria should be apparent, especially by 24 h.p.i. The developmental 
profile (according to the germination catergorisation scheme in  
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Two-way ANOVA analysis confirmed that germination behaviour does differ on the different 
surfaces after this incubation period compared to glass coated with the solvents di-ethyl ether 
and dichloromethane (considered the control treatments for extract/monomer compounds and 
aldehydes respectively). As with the studies shown in Chapter 3 relative proportion of the 
different developmental classes depends on the surface substrate which the conidia have 
germinated on (P < 0.001, n = 8 Appendix C, 9.3.1.1, a and b.).   
Figure 4-4: A graph profiling development of Bgh on treated glass surfaces (utilising welled slides) at 24 
h.p.i.  
Ng = Non germinated; Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; Esgt/App = Elongating 
Second Germ Tube, App = Appressoria Formation (symptomatic hooking and swelling); Haus = Formation of 
haustoria; Mm = More than 2 germ tubes. (Error bars = ± standard error, n=8. Graph constructed from 
percentages based on averages of 150 spores, derived from 8 independent means of 3 sub-replicates). 
 




As with earlier tests performed on glass no haustoria development was visible or expected for 
any of the treatments, although as suggested by studies in Chapter 3 haustorial formation 
would be well underway by 24 h.p.i. in barley. When compared to their respective control 
treatments utilising the solvents di-ethyl ether and dichloromethane, it is clear different 
substances had significant effects, although not always to advance development. In the case 
of 1-dodecanol, an aliphatic alcohol, its most significant effect appeared to be the reduction 
of germination, with on average 79.75 % (± 3.98 % s.d.) of conidia failing to germinate 
compared to approximately 47.5 % (± 5.77 % s.d.) on the di-ethyl ether control (Appendix C 
9.3.1.2). In analogous similarity, hexacosanoic acid treatment resulted in approximately 77  
% (± 4.4 % s.d.) of spores failing to germinate (compared to the dichloromethane control 
where only 50 % failed to germinate) (significant at α = 0.001, n = 8, Appendix C 9.3.1.3). 
As a consequence of poor germination, in the cases of both treatments, all other 
developmental classes were reduced when compared with their control treatment counterparts 
(as shown in Figure 4-4). While some appressorial formation was present during dodecanol 
treatment, possibly due to a residual effect of the di-ethyl ether used as a solvent for the 
monomer, no appressorial formation was seen for the C26 compound, hexacosanoic acid. 
Similar statements could be made regarding the behaviour of the other C26 compound, 1-
hexacosanol, although this did spur greater a primary germ tube formation (31.08 % ± 3.16 
%) compared to its counterpart hexacosanoic acid (19 % ± 3.5 %) (P < 0.001, n = 8, 
Appendix 9.3.1.4).   
 
In an attempt to create a form of positive control, a treatment consisting of barley leaf cuticle 
extracted using di-ethyl ether was utilised (in the fashion of Iwamoto et al., 2002). It was 
thought that of all substances tested this extract stood the best chance of appressorial 
formation. Unexpectedly, although development of an equal number of PGT and SGT 
occurred, when compared to the di-ether control (analysis indicated a P value = 0.08459 and 
P = 0.3317 respectively meaning no significant difference at α = 0.05, Appendix C 9.3.1.5 
and 9.3.1.6), the extract did not stimulate large numbers of appressoria (Appendix C 
9.3.1.7). In fact analysis indicated at P < 0.001 that the control treatment spurred greater 
appressorial development (Appendix C 9.3.1.8) suggesting that this treatment was actually 
inhibitory in nature.    
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As shown in Figure 4-4 two additives, were shown to promote the development of 
appressoria (classified as Esgt/App, “elongating secondary germ tube/appressorium”, and 
App, for mature appressorium) as compared to their respective control treatments. On 
average the cutin monomer 16-hydroxyhexadecanoic acid promoted significantly more 
spores (11.75 % ± 3.49 % s.d.) with elongating secondary germ tubes with appressorial 
characteristics, and on average (9.5 % ± 3.47 % s.d), as fully matured appressoria compared 
to slides treated with the solvent di-ethyl ether (approximately 4 % and 1.3 % respectively). 
In both cases P < 0.001, n = 8 (Appendix C 9.3.1.9 and 9.3.1.10). In similar fashion, when 
compared to slides treated with its solvent, dichloromethane, the aldehyde 1-hexacosanal 
stimulated significantly more total appressorial development (on average approximately 10.1 
% spores compared to dichloromethane at 1 %) (Appendix C 9.3.1.11 and 9.2.1.12). 
 
As a direct consequence of this study, future work would seek to test the effect of 16-
hydroxyhexadecanoic acid and 1-hexacosanal on gene expression. Additionally, the difficulty 
in differentiating between developing and fully mature appressorium, classification reverted 
back to that used in Chapter 3 (Table 1) as opposed to that shown in table 2.   
4.4.2: Characterisation of Blumeria graminis f. sp. hordei upon cutin-monomer 
treated glass slides 
 
As the initial screen involved glass multiwall 
slides with plastic surrounds, signal 
enhancement studies were carried out on 
simple glass slides of the type utilised in 
Chapter 3:. This would ensure spores would 
encounter just the signal added and permit 
easier harvesting of conidial RNA in 
preparation for quantitative RT-qPCR.  As 
the supply of 1-hexacosanal was limited, two 
growth studies were carried out to assess the 
effect on Bgh development of treating glass 
slides (by the pippetting and spreading of 
solutions) with 0.015 mg/cm
2
 of the cutin 
monomer, 16-hydroxyhecadecanoic acid, (Figure 4-5; Table 4). For both studies two-way 
Figure 4-5: Bgh development on glass treated with 
16-hydroxyhexadecanoic acid after 16 h.p.i.  
Cutin monomer crystals visible due to lower light 
intensity (arrow). Appressorial development induced 
by presence of 16-hydroxyhexadecanoic acid. Scale 
Bar = 20 μm 
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ANOVA suggested there was an interaction between Bgh germination state and the surface 
(P < 0.01, n = 4 and n = 9 respectively) (Appendix C 9.3.2 – 9.3.3). 
 
The first, featuring the use of glass slides not pre-cleaned with chromic acid, is shown in 
Figure 4-6. The developmental profile after 16 hours incubation for non-treated glass slides 
and those treated with the ether solvent appear to follow that of the earlier study shown in 
Chapter 3, Figure 3.4 showing development on glass slides at 16 h.p.i. Only a small number 
of spores inoculated on slides (4) or slides treated with ether (16) reach the appressorial stage 
























The formation of a secondary germ tube represents the furthest developmental stage reached, 
although at each time point the majority of germlings cease development at the primary germ 
tube stage. Interestingly, it appears that ether treatment of the slides reduces the number of 
Figure 4-6: A graph profiling development of Bgh on treated glass surfaces at 16 hours post-inoculation. 
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; App = Appressoria Formation (symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. For ease of viewing 
non-germianted conidia are not included in the graph but equated to 85.6 % ± 2.7 % s.e. (16-
hydroxyhexadecanoic acid), 79.65 % ± 3.4 %  s.e. (ether treated glass), 79.7% ± 2.8%  s.e. (non-cleaned glass) 
(Error bars = ± standard error, n = 4. Graph constructed from percentages based on average of 800 spores, 4 
independent means of 10 sub-replicates). 
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secondary germ tube forming conidia compared to non-ether treated glass (P = < 0.01, 
Appendix C 9.3.2.1). Addition of the cutin monomer to slides stimulated the formation of 
germ tubes with appressorial characteristics. This addition causes a very low percentage of 
appressorial development (approximately 3.2 % ± 3 % s.d.) compared to approximately 23 % 
for barley of assessed spores at the same time point.  Additionally, it appears that although 
this structure is formed differences in length and thickness are apparent when compared 
visually with appressoria formed on barley as appressoria are often longer and thinner 
(Figure 4-5).    
 
The apparent statistically significant reduction (at α = 0.01) in the SGT stage for slides 
treated with diethyl ether or cutin monomer/ether solution compared to glass slide controls 
suggested a potential cleaning effect of the solvent. The glass slides used both for studies 
listed in Chapter 3 and here are polished and although contact was made with the 
manufacturer commercial rules prevented disclosure of the polish constituents. Therefore a 
smaller germination study was carried out after cleaning of the glass slides with chromic acid 
(Figure 4-7). Chromic acid treatment clearly reduced the difference in spore number at PGT 
and SGT (e.g. Appendix C 9.3.3.1) stages between monomer treatment and ether treatment 
compared to non treated glass. Furthermore, pre-cleaning accentuated the difference in 
appressorial formation between surfaces to significant levels (monomer-treated glass to non-
treated glass and ether treated glass, both significant, P ≤ 0.001, Appendix 9.3.3.2 and 
9.3.3.3) although formation compared to the same time point on barley is still lower at 
approximately 7 % (± 2.8 % s.d.). In conclusion these studies suggested the best chance of 
causing a discernable effect on CMEG gene expression would be found utilising the cutin 
monomer 16-hydroxyhexadecanoic acid, and furthermore to ensure the best possible effect, 
slides should be vigorously cleaned with chromic acid solution before use to remove polish.   
 





















4.4.3: Developmental behaviour at 4 h.p.i on the host and alternate surfaces. 
Previous analysis conducted by Dr. Maike Paramor, a number of genes (listed in 4.3.12) 
appeared to show a difference in expression on non-inductive surfaces when compared to 
expression on the host at 4 h.p.i. Investigations were made to discover if compounds added to 
glass slides, or surfaces differing in hydrophobicity, could cause differential expression to 
resemble that present when germinating on the host. As an accompaniment to these studies of 
gene expression at 4 h.p.i., a study was performed to visualise the germination behaviour 
under these treatments at 4 h.p.i. (Table 4). The germination profiles generated are shown in 
Figure 4-8 and as with previous studies a two-way ANOVA indicates that there is a 
significance difference between surfaces, with those surfaces affecting the relative 
proportions of the different germination stages (Appendix c, 9.3.4).    
Figure 4-7: A graph profiling development of Bgh on cleaned, treated glass surfaces at 16 hours post-
inoculation. 
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; App = Appressoria formation (symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. For ease of viewing 
non-germinated spores are not included in this image but equated to 59.2 % ±  4.2 % s.e. (16-
hydroxyhexadecanoic acid), 65.6 % ± 4.2% s.e. (ether treated glass), 57.8 % ± 2.5 % s.e. (chromic acid cleaned 
glass). (Error bars = ± standard error, n = 9. Graph constructed from percentages based on average of 300 
spores, 9 independent means of 3 sub-replicates). 





Figure 4-8: A graph profiling development of Bgh on alternate surfaces at 4 hours post-inoculation.  
 
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; App = Appressoria formation (symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. For clarity non-
germinated conidia are not displayed but equated to 51.7 %  ± 4.5 %  s.e. (barley), 62.8 % ± 3.9 %  s.e. (wheat), 
64.7 % ±  3.4 % s.e. (cuticular extract), 73.9 % ± 2.2 %  s.e. (16-hydroxyhexadecanoic acid), 53.5 % ± 4.6 % 
s.e. (1-hexacosanal), 83.6 % ± 2.7% s.e. (cleaned glass), 90.9 % ± 1.9 %  s.e. (non-cleaned glass), 85.8 % ± 2.39 
%  s.e. (hydrophobic gelbond), 76.5 % ± 2.8 %  s.e. (hydrophilic gelbond). (Error bars = ± standard error, n = 9. 
Graph constructed from percentages based on averages of 90 spores, 9 independent means of 3 sub-replicates). 
 
As expected from previous studies (listed in Chapter 3), plant surfaces showed the most 
advanced levels of development at this time and this is reflected in the germination rates and 
morphological states observed. Approximately 48.3 % of all spores assessed on barley 
germinated (and achieved different stages of development). A lower although not 
significantly different number germinated during development on wheat (approximately 37.2 
%) (Appendix C 9.3.4.2). 
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Of all slides treated with plant-derived/plant mimicking compounds slides treated with 1-
hexacosanal showed the highest rate of germination at this time point (approxiamtely 46.6 %) 
which proved to be statistically similar as to that as found on barley and wheat (Appendix C 
9.3.4.1). Surprisingly this proved to be significantly higher than that stimulated by the cutin 
monomer (26.1 %) and cuticular extract (35.4 %) (at P < 0.01 and P < 0.001 respectively) 
(Appendix C, 9.3.4.3 and 9.3.4.4). All of these germination rates were significantly larger 
than those seen on pre-cleaned (16.5 %) or non-cleaned glass (9.1 %) (at P < 0.05).  
 
Of the two surfaces included in this 4 h.p.i. study that had known levels of hydrophobicity the 
hydrophilic side of gelbond demonstrated a significantly higher rate of germination (at an 
average of 23.5 %) than its hydrophobic counterpart (14.2 %).    
 
At this time primary germ tube formation of the plant surfaces appears lower than on glass 
surfaces treated with host-mimicking compounds (although this appears in favour of later 
developmental stages, for example appressorial growth). One of the first noticeable effects of 
these treatments as portrayed in Figure 4-8 is the increase in primary germ tube formation by 
the 1-hexacosanal treatment (an average of 29.8 % ± 9.4 % s.d. of assessed conidia). This is 
significantly more than as generated on chromic acid-cleaned untreated glass slides (an 
average of 11.7 % ± 4.2 % s.d.), (P < 0.001, n = 9, Appendix C 9.3.4.5). Furthermore it is 
also significantly higher than all other germination surfaces. This includes the slides treated 
with both the cutin monomer, 16-hydroxyhexadecanoic acid and the cuticle extract. Both of 
these treated surfaces show increased PGT formation compared to cleaned glass controls. 
This clearly indicates an inductive effect. On average the cuticle extract induced 
approximately 21.1 % ± 4.6 % s.d. of all spores and 16-hydroxyhexadecanoic acid (an 
average at 19.5 % ± 6.48 % s.d.), when compared to cleaned glass controls (both significantly 
different at P < 0.01, n = 9, Appendix C 9.3.4.6 and 9.3.4.7). As expected from earlier 
studies, development, at least for this stage, on glass slides not pre-cleaned with chromic acid 
is the lowest of surfaces tested.  
 
Surprisingly, the formation of the first germ tube on the hydrophobic side of gelbond is lower 
than that seen on hydrophilic gelbond (at an average of 15.8 % compared to 10.98 %, P = 
0.02358, at α = 0.05, n = 9, Appendix C, 9.3.4.8). 
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The development of the second germ tube appears to follow very similar trends, at least 
regarding artificial surfaces. For this germ tube, unlike with the primary germ tube, barley 
and wheat appeared to induce the highest proportion of this morphological stage, with barley 
being the optimal inducer as expected. Of the treated glass surfaces 1-hexacosanal (with an 
average of 11.85 % ± 4.4 % s.d.) again induces the formation of the most tubes of this class 
by all artificial surfaces (including those of varying hydrophobicity). Interestingly at this time 
point the numbers generated appear very similar to the number generated by wheat (11.48 % 
± 3.9 % s.d.), not significantly different at P < 0.05, Appendix C 9.3.4.9) and also on barley 
(16.29 % ± 2.9 % s.d.), with P = 0.0547, n = 9, Appendix C 9.3.4.10).  
 
The next treatment to induce the most secondary germ tubes is the cuticle extract (which, at 
an average induction of 10.3  % ± 3.2 % s.d. is found to be significantly less than the amount 
induced on barley, with a P-value = 0.01518, α = 0.05, n = 9, Appendix C 9.3.4.9), although 
not different to that shown by wheat (P-value = 0.7218, Appendix C 9.3.4.10).  
 
In comparison to the formation of primary germ tubes where similar numbers of tube were 
formed on slides treated with the cuticular extract and with the cutin monomer, this was not 
the case with the secondary germ tube. Treatment with 16-hydroxyhexadecanoic acid only 
induced on average 4.69 % (± 1.8 % s.d.) at this stage, which were comparable to the 
numbers induced by hydrophilic gelbond (4.81 % ± 1.69 % s.d.) (P-value = 0.9957, 
Appendix C 9.3.4.13).  
 
As with the earlier developmental stage, SGT induction by the hydrophobic side of gelbond 
(1.6 % ± 1.19 % s.d.) appears lower in comparison to all other surfaces, bar the un-cleaned 
glass slides (1.72 % ± 4.2 % s.d.).  
 
On artificial surfaces the optimal sign of induction is that of the formation of appressorial 
germ tubes. It is apparent that by this time point we see the formation of tubes illustrating 
characteristics of this advanced stage, i.e. swelling and hooking, on the plant surfaces. In 
comparison the only artificial surfaces to induce appressorial formation of any note were 
glass slides treated with the cuticular extract (0.37 % ± 0.3 % s.d.) and 1-hexacosanal (0.7 % 
± 0.64 % s.d.). At this time point these do not approach the number seen on either wheat or 
barley. 
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During this test it was also apparent that treatment on slides, and other artificial surfaces, 
were also inducing spore morphologies which were previously classed as aberrant, i.e. the 
formation of branched germ tubes, more than two germ tubes and also the formation of germ 
tubes that appeared longer than those expected even for germ tubes destined to form 
appressorial germ tubes. To focus on the aberrant class showing the most activity, as with 
both the formation of primary and secondary germ tubes the aldehyde, 1-hexacosanal and the 
cuticular extract were the cause of the greatest formation of multiple germ tubes (at 3.95 % 
and 2.96 % respectively). 
 
To summarise these results, at 4 h.p.i. artificial surfaces such as aldehyde treated slides, or 
slides treated with a cuticular extract appeared to offer the highest possibility of induction 
both at earlier developmental stages, but most importantly of appressorial germ tubes. 
Furthermore, the use of 16-hydroxyhexadecanoic acid by appearing to encourage primary 
germ tube growth at this stage may offer a distinct effect on gene expression compared to the 
aldehyde or cuticular extract.        
    
4.4.4: Developmental behaviour at 16 h.p.i on treated and artificial  surfaces 
As a final indicator of inducer performance, which would allow comparisons with previous 
studies, the developmental behaviour for all artificial surfaces was studied at 16 h.p.i. (Table 
4). Barley and wheat were not included in this study as they had already been assessed for 
development at this time in studies presented in Chapter 3. To summarise, in that study by 
16 h.p.i. approximately 23.5 % and 25.9 % of all spores monitored for barley and wheat, 
respectively, formed appressorial structures. Additionally, 15.4 % and 1.08 % of spores on 
barley and wheat had begun to form haustoria by that time point: the most advanced form of 
structure visible at this time. The haustorium, as indicated by studies in Chapter 3, is not 
formed on artificial surfaces.   
 
After the increased incubation time germination rates for all artificial surfaces, bar the 
aldehyde, appeared to improve. Surprisingly in this study, spores developing on all glass 
surfaces whether pre-cleaned and treated or left untouched seemed to show a germination rate 
of 35 to 40 % although in some cases variation could be relatively large. Interestingly, the 
hydrophilic gelbond showed a very high level of germination at approximately 58 %. This is 
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significantly different from its hydrophobic counterpart, which stimulated an average 
germination of 26.2 % (P < 0.001, Appendix C 9.3.5). 
 
 
Figure 4-9: A graph profiling development of Bgh on alternate surfaces at 16 hours post-inoculation.  
Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; App = Appressoria formation (symptomatic 
hooking and swelling); H = Formation of haustoria; Mb = Branched germ tubes; Ml = Long germ tubes; Mm = 
More than 2 germ tubes. The final three classes are considered aberrant germination states. For clarity non-
germinated spores are not displayed in this image but equated to 62.17 % ± 9 % s.e. (cuticular extract), 63.2 % ± 
6.4 % s.e. (1-hexacosanal), 64.5 % ± 2.4 %  s.e. (16-hydroxyhexadecanoic acid), 63.7 % ±  5.1 % s.e. (cleaned 
glass), 64.7 % ± 10.1 % s.e. (non-cleaned glass), 73.7 % ± 1.1% s.e (hydrophobic gelbond), 41.9 % ± 3.8 % s.e. 
(hydrophilic gelbond). (Error bars = ± standard error, n = 9. Graph constructed from percentages based on 
average of 90 spores, 9 independent means of 3 sub-replicates). 
The germination profiles of spores developing on these surfaces at 16 h.p.i. is shown in 
Figure 4-9. As with other studies, the proportions of developmental class depends on the 
substrate the conidia are germinating on (P < 0.001, Appendix C 9.3.5).  




By 16 h.p.i. the most numerous class of development induced by slides cleaned with chromic 
acid, treated with the monomer 16-hydroxyhexadecanoic acid, and also the hydrophilic side 
of gelbond, is that of the formation of primary germ tubes (in all cases P < 0.001, Appendix 
C 9.3.5.1 to 3). Although both the cleaned glass and glass treated with monomer may induce 
the secondary germ tube and also induce appressorial formation, it is the formation of the first 
germ tube that is most numerous germination status observed. Both induce similar 
percentages of spores to form a primary germ tube: cleaned glass (22.09 % ± 3.0 % s.d.) and 
the monomer treated glass (21.25 % ± 1.13 % s.d.).  
 
At this time point the best indicator of developmental induction on artificial surfaces is the 
formation of appressorial germ tubes. The most striking feature of the germination profiles in 
Figure 4-9 and in similar fashion to the behaviour seen at 4 h.p.i, is the level of appressorial 
induction after 1-hexacosanal treatment of glass slides (18.27 % ± 8.9 % s.d.). This is larger 
than all other germination surfaces featured in this study. It is also significantly larger than 
the proportion formed on the negative control slides treated with chromic acid, 2.59 % ± 0.42 
% s.e., P < 0.001, Appendix C 9.3.5.4).  
 
The next strongest inducer of appressorial formation was the cuticle extract, leading to an 
average of 8.03 % (± 4.71 % s.d.) of assessed conidia reaching the appressorial stage, which 
is again significantly more than those induced by the chromic acid cleaned slides, with a P-
value = 0.0001957, α = 0.001, n = 9, Appendix C 9.3.5.5). Such appressorial induction was 
not different to the level of induction of secondary germ tubes by the cuticular extract (P-
value = 0.789, Appendix C 9.3.5.6).  
 
In this study at 16 h.p.i. 16-hydroxyhexadecanoic acid only led to an appressorial induction 
of 3.75 %, approximately half of that seen in earlier studies and similar to that induced on the 
hydrophobic side of gelbond (3.7 % ± 0.9 % s.d.) (P-value = 0.6422, at α = 0.05) (Appendix 
C 9.3.5.7). This level of AGT induction proved to be significantly smaller than the level of 
secondary germ tubes induced (P < 0.01, Appendix 9.3.5.8). Both the monomer and the 
hydrophobic side of gelbond induced appressorium development of spores to a level that was 
not significantly different from that induced by chromic acid cleaned glass slides (2.59 % ± 
3.69 % s.d.) at α = 0.05 (16-hydroxyhexadecanoic acid: P-value = 0.6; Hydrophobic Gelbond 
= P-value = 0.3, Appendix C 9.3.5.9 and 9.3.5.10).   




At this time point classes of aberrant development are readily apparent. Noticeably there are 
more spores with more than two germ tubes than in the other two unsuccessful development 
classes. The percentage of spores induced by hydrophilic gelbond (15.25 % ± 9.5 % s.d.) 
appears very similar to the proportion of appressoria induced by the aldehyde (not 
significantly different with a P-value = 0.5303) (Appendix C 9.3.5.11). The next highest 
level of aberrant development in this class was located on slides that had not been pre-treated 
with chromic acid and consequently were still polished. 
 
In contrast, the primary inducer of spores that showed a germ tube longer than expected was 
the rough cuticular extract (with an average induction of 6.3 % ± 4.49 % s.d.) and this was 
significantly different larger when compared to the number that developed on pre-cleaned 
glass slides, (average of 0.24 %, P-value = 0.02975 at α = 0.05) (Appendix C 9.3.5.12). 
 
Of final note is the induction of spores showing branching of germ tubes, with the primary 
substrates causing their induction in this study being the hydrophobic and hydrophilic sides 
of gelbond (not significantly different with a P-value = 0.1574) (Appendix C 9.3.5.13).   
 
To summarise the results for both the 4 h.p.i. and 16 h.p.i. studies (Table 4), of all surfaces 
tested the aldehyde 1-hexacosanal caused significantly higher amounts of appressorial 
formation than the glass slide control. As a consequence of this alteration of morphology, the 
1-hexacosanal offers a distinct possibility of causing distinguishable modulation of gene 
expression during development on glass. Other treatments such as the cutin monomer induce 
varying levels of other stages of development, including in the case of gelbond surfaces, 
numbers of spores with aberrant morphological classes. These too offer the potential for the 
visible modulation of expression.  
4.4.5: Analysis of surface hydrophobicity  
Several surfaces employed for the re-modulation of gene expression were assessed for their 
relative hydrophobicity. These included glass slides that were not pre-cleaned before use with 
chromic acid, pre-cleaned glass slides treated with ether solvent, pre-cleaned glass slides 
treated with 0.015 mg/cm
2 
16-hydroxyhexadecanoic acid cutin monomer, pre-cleaned slides 
treated with 0.5 µg/cm
2 
1-hexacosanal, pre-cleaned slides treated with a cuticle extract 




 slide surface, both hydrophobic and hydrophilic surfaces 
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of gelbond and the adaxial and abaxial surfaces of both barley and wheat primary leaves. 
Two methods (Table 4) were used the first of which involved measuring the diameter of 19 
µl crystal violet droplets on the substrates (Figure 4-10). The second, performed at a later 
time during the investigation, involved measuring the advancing contact angle of 20 µl water 
droplets using a goniometer (Figure 4-11). Wheat leaf surfaces, cuticle extract- and 1-
hexacosanal-treated slides were only assessed via goniometer. However both methods 
delivered similar results with ANOVA analysis combined with Tukey or Games Howell 
„Post-Hoc‟ multiple comparisons at α = 0.05 (n = 5) (Appendix C 9.4 and 9.5) was 



































Figure 4-10: Relative hydrophobicity of treated surfaces.  
Droplets of crystal violet applied to the barley adaxial surface (A), polished glass slides not pre-
cleaned with chromic acid (B), glass slides pre-cleaned with chromic acid (C), chromic acid 
cleaned glass slides treated with ether (D), chromic acid glass slides treated with cutin (E). 
Hydrophilic side of Gelbond (F). Hydrophobic side of Gelbond (G). Droplet volume is 19 μl. 
Scale bar = 3.5 mm    
 




Figure 4-11: Water droplets on different substrates.  
 
A) Barley abaxial leaf surface; B) Wheat abaxial leaf surface; C) Non-cleaned glass slide; D) Chromic acid 
cleaned glass slide; E) 1-Hexacosanal treated glass slide; F) 16-hydroxyhexadecanoic treated glass slide; G) 
Cuticle extract treated glass slide; H) Hydrophobic Gelbond surface; I) Hydrophilic Gelbond surface. 20 µl 
water droplet volume. Scale Bar =  2.5 mm 
 
As shown in Figure 4-12 surfaces could be putatively divided into 2 groups, those with 
contact angles less than 30° (or droplet diameters larger than 7 mm on average) and more 
hydrophobic surfaces with angles of 80° or greater (or droplet diameters smaller than 6 mm). 
Plant surfaces showed the greatest hydrophobicity with contact angles in excess of 120°, or in 
the case of barley surfaces, droplet diameters less than 4 mm on average. The upper (adaxial, 
130.53° ± 4.35° s.d.) and lower (abaxial, 132.258° ± 3.52° s.d.) surfaces of barley leaves, 
although not statistically different from one another, or from either wheat leaf surface 
(adaxial = 127.818° ± 5.56° s.d.; abaxial = 129.49° ± 6.29° s.d.), were significantly more 
hydrophobic than all other surfaces tested (P < 0.01, n = 5, Appendix C 9.4 and 9.5). Either 
of the two methods employed suggested that the hydrophobic surface of Gelbond (contact 
angle of 79.95° ± 0.54° s.d.) was significantly less than the plant surfaces but also greater 
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than either its hydrophilic Gelbond counterpart, the non-cleaned slides, the pre-cleaned glass 
slides, or those cleaned and then treated with stimulatory compounds.   
 
Figure 4-12: Relative surface hydrophobicity of surfaces tested.  
A) Hydrophobicity as indicated by the average diameter of drops upon surface. The cutin monomer treatment 
featured addition of 16-hydroxyhexadecanoic acid, whilst the aldehyde was 1-hexacosanal. Error Bars = ± 
standard error, N = 5 with 5 droplets averaged per surface replicate.  
B) Hydrophobicity as indicated by the average contact angle on substrate surface. The cutin monomer treatment 
featured addition of 16-hydroxyhexadecanoic acid, whilst the aldehyde was 1-hexacosanal. Error Bars = ± 
standard error, N = 5 with 5 droplets averaged per surface replicate.  
Slides, either solely pre-treated with chromic acid or additionally treated with cuticle-derived 
components, appeared to group together with angles of approximately 20°. Glass slides that 
were not pre-cleaned before use showed (as indicated by larger droplet diameter, 10.32 mm ± 
0.42 mm s.d.,) significantly lower hydrophobicity in comparison to all other surfaces. 
Analsyis of contact angles supported this conclusion for the majority of slide treatments (non 
pre-cleaned slides had an angle of 7.48° ± 1.57° s.d.) except for those treated with extract or 
pre-cleaned with chromic acid (an average contact angle of 18.62° ± 6.73° s.d.). This, 
however, appeared to be due to the intrinsic variation encountered in their specific treatments. 
Non-cleaned slides were significantly (P <0.05, n = 5) more hydrophilic than the hydrophilic 
side of Gelbond (16.86° ± 0.9° s.d., which in itself was not significantly different in 
hydrophobicity when compared to pre-cleaned and treated slides).  
Treatment of the cleaned slides, either with the cuticle extract (25.03° ± 7.33° s.d.), the cutin 
monomer (21.572° ± 4.87°/ 6.81 mm ± 0.17 mm s.d.), or the cuticular aldehyde (20.684° ± 
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4.59° s.d.), did not appear to significantly alter the hydrophobicity of the slides compared to 
slides pre-cleaned with chromic acid treated (18.62° ± 6.73°/ 7.27 mm ± 0.245 mm s.d.) or 
those treated with the ether solvent as a control (7.28 mm ± 0.312 mm s.d.). These results are 
summarised in Figure 4-12 with the analysis available in Appendix C 9.4 and 9.5. In 
conclusion this result provides further evidence that the untreated slides had a coating which 
could affect Bgh germination behaviour, possibly by providing an infection court of severely 
reduced hydrophobicity. Furthermore these results suggest that treatments added to the slide 
did not affect hydrophobicity, but would merely provide chemical stimuli.   
4.4.6: Effect of stimuli on genes differentially expressed at 4 h.p.i. 
By utilising the data gathered from a previous microarray study which examined expression 
profiles of 2027 ESTs during germination on 4 different surfaces, and by comparing 
expression between 4 h.p.i. barley and 4 h.p.i. glass samples, 18 ESTs were identified (by Dr. 
Maike Paramor) as being differentially expressed between these two stages. As a result RNA 
was extracted from Bgh spores inoculated on the following surfaces at 4 h.p.i. (chromic acid 
cleaned glass slides, non-cleaned glass slides, 16-hydroxyhexadecanoic acid treated slides, 1-
hexacosanal treated glass slides, cleaned slides treated with a cuticular extract, hydrophobic 
gelbond, hydrophilic gelbond, wheat and the host, barley). cDNA was then synthesised and 
RT-qPCR performed utilising primers for these 18 ESTs (Table 4).  
 
During this study these ESTs are referred to by their library identifier code. Expression was 
measured against the Bgh NADH-ubiquinone oxidoreductase, which represents a 
constitutively expressed control according to the microarray study (Dr. Maike Paramor, pers. 
comm). The ratio of the signal returned by the sample versus the reference gene was log2 
transformed. It is this value which is referred to as the „Relative Expression Index‟. 
Expressed Sequence Tag Clone C00148 
This EST encodes a 1, 3-ß Glucanase. The expression profile is shown in Figure 4-13. This 
profile was constructed by Dr. M. Paramor based on microarray data. All microarray data is 
relative to a universal standard assembled by combining equal amounts of RNA from all 
developmental stages assessed during that experiment (same as in Both et al., 2005). As can 
be seen from that data at 4 h.p.i. abundance of RNA for the EST is higher during Bgh 
development on barley, and on wheat, than when germination is occurring on glass. A similar 
trend is observed when visually comparing the expression during germination on barley, 
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wheat and on non-treated glass (Figure 4-13) as collected by RT-qPCR. However this trend 
was not confirmed during analysis by 1-WAY ANOVA followed by post-hoc testing 
(Appendix C 9.6). This revealed that not only did expression during wheat-based 
germination, germination on all treated glass slides and artificial surfaces differing in 
hydrophobicity, not significantly differ from the host at α = 0.05, but that it also did not 
significantly differ from expression induced by either the chromic acid cleaned glass or the 
non-cleaned glass control. This includes the expression levels assessed during development 
on hydrophilic gelbond which, visually, appeared to show the most deviation from that 
experienced on the host. Therefore it appears that in the case of this gene, conclusions as to 
the varying effects of the treatment on expression are not possible.      
 
Figure 4-13: A) Comparison of RNA abundance of EST clone C00148 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of the EST Clone C00148 RNA as assessed by microarray analysis and as expressed relative to 
a universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone D00189 
The gene this clone relates to encodes an unknown gene product. Relative expression as 
displayed by the microarray generated data (as shown in Figure 4-14b) suggested that 
expression during pre-penetration germination on both the host, wheat and glass slides are 
similar at 4 h.p.i. As a form of negative control for this gene expression analysis, assessment 
was made to see if different surfaces could induce a deviation away from that previously 
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observed on the surfaces, or from each other. Expression is shown in Figure 4-14a. 
Statistical analysis suggested gene expression is similar during germination on both barley 
and non-cleaned glass slides (no significant difference at α = 0.05). Furthermore all other 
surfaces demonstrated expression that was not significantly different from either the host on 
the non-cleaned glass slides. Interestingly there was a significant difference at α = 0.05 
between expression on slides treated with the aldehyde (1-hexacosanal, where lower 
expression was encountered) and slides cleaned chromic acid (Appendix C 9.6). Similarly, 
there was a significant difference between gene expression from spores developing on 
aldehyde treated slides and hydrophillic gelbond (where a higher level of expression was 
encountered). Interestingly, gene expression was close to achieving significance on the 
hydrophobic side of gelbond and on slides treated with the aldehyde.  
 
Figure 4-14: A) Comparison of RNA abundance of EST clone D00189 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D00189 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone C00563 
This transcript encodes a H3 histone involved in nucleic acid structure. The expression 
profile is shown in Figure 4-15a. As can be seen from that data at 4 h.p.i. expression appears 
2 fold higher on barley and wheat, than during development on glass. When assessed by RT-
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qPCR (Figure 4-15b), the general trend appears similar with plant surfaces showing a higher 
expression than glass slides. Statistical analysis again reveals that EST expression on non-
cleaned slides is not different from that on barley (Appendix C 9.6). Cleaning of slides with 
chromic acid reduces the variance encountered when sampling from the slides but still 
expression levels are not significantly different from that on barley. As is the case with 
previous expression analysis, although in some cases approaching statistical significance, all 
other surfaces are not different from barley or from each other.  
 
Figure 4-15: A) Comparison of RNA abundance of EST clone C00563 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C00563 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone D00471 
This gene encodes a predicted protein with no known function. The expression profile as 
assessed by microarray and RT-qPCR is shown in Figure 4-16. At 4 h.p.i. expression appears 
approximately a fold higher on wheat and glass than that seen on barley (Figure 4-16b). The 
data collected in this study (and shown in Figure 4-16a) suggests no differential expression 
(at α = 0.05) occurred on wheat, all treated glass slides and artificial surfaces differing in 
hydrophobicity, when compared to expression during germination on the host, but they also 
did not significantly differ from either the chromic acid cleaned glass or the non-cleaned 
glass control. This includes the expression levels assessed on the cutin monomer treated 
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slides, where expression visually suggests a decrease in expression. Therefore it appears that 
in the case of this EST, conclusions as to the varying effects of the treatment are not possible.    
 
Figure 4-16: A) Comparison of RNA abundance of EST clone D00471 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D00471 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone C00606 
This gene encodes an unknown protein. The expression profile is shown in Figure 4-17. As 
can be seen from the microarray data at 4 h.p.i. the abundance of RNA is higher on glass than 
on barley and wheat (which show very similar expression levels to one another). Visually, a 
trend appears to be present with plant surfaces and slides treated with the monomer and 
cuticular extract, inducing decreased expression compared to non-treated slides. However 
analysis only confirmed significantly lower gene expression (at α = 0.05) in Bgh on wheat 
when compared to that on glass slides left un-treated with chromic acid (Appendix C 9.6).    
 




Figure 4-17: A) Comparison of RNA abundance EST clone C00606 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C00606 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone C00506 
This transcript encodes a mitochondrial glycerol-3-phosphate dehydrogenase. The expression 
profile collected both during the original microarray study and in this present study is shown 
in Figure 4-18. As can be seen expression appears approximately 2 fold higher for 
developing spores on barley and wheat, than spores on glass at 4 h.p.i. When the RT-qPCR 
results were analysed, however, this was not confirmed. Analysis suggested that all spores 
developing on treated slides showed expression that was significantly different from one 
another. Unfortunately, a lack of functioning independent replicates for the cutin monomer 
treated slides means that statistical analysis could not be carried out for this substance. 
However, the plotting of the values observed indicate that induced expression lies in close 
proximity to values for those slides treated with plant extracts suggesting a similar result in 
regards to lower expression would be seen (Appendix C 9.6).  




Figure 4-18: A) Comparison of RNA abundance of EST clone C00506 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C00506. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone C00658 
This gene was believed to encode a glycosyltransferase. Microarray profiles (Figure 4-19b) 
suggested that expression was higher in germlings at 4 h.p.i. on barley and wheat, than spores 
on glass. Although a slight visual trend is shown, this has not held up to analysis (Appendix 
C 9.6). Again no deviation in gene expression from that of the host or un-treated glass was 
detected for any surface. Although data was incomplete regarding expression on the 
hydrophobic gelbond and cutin-monomer treated slides the data collected suggested that 
expression would not show any difference from any of the other surfaces. Analysis did reveal 
that that at α = 0.05 there was significantly higher expression in spores developing on 
hydrophilic gelbond compared to those developing on slides treated with cuticular extract. 
This is displayed in Figure 4-19a.  
 




Figure 4-19: A) Comparison of RNA abundance of EST clone C00658 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C00658 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone D00972 
Another gene of unknown function, the expression profile for this gene is shown in Figure 
4-20. As can be seen from the microarray data at 4 h.p.i. the expression on glass was believed 
to be 1 fold higher than that seen on during infection of barley (with expression on wheat 
being half-way between the respective values). Such a difference was not detected by RT-
qPCR and the expression on treated glass slides or gelbond surfaces failed to show any 
detectable modulation of this gene expression (Appendix C 9.6). If visual trends are to be 
emphasised in this experiment it appears that wheat may actually be showing a lower 
expression than barley. However a lack of resolution hinders this interpretation.  
 




Figure 4-20: A) Comparison of RNA abundance of EST clone D00972 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D00972 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone D00944 
With an unknown function, the expression profile of this EST is shown in Figure 4-21b. 
Microarray data suggested that expression would be higher during germination on barley and 
wheat, than on untreated glass. In Figure 4-21a,  at 4 h.p.i. a similar trend, supported by 
statistical analysis is seen at this time point (Appendix C 9.6). Expression on barley is 
significantly higher than that observed on non-treated glass at α = 0.05. All other surfaces, 
excluding the cutin monomer where replication was not sufficient to allow statistical analysis 
(but appeared to suggest higher expression than seen in barley-stimulated development), 
appeared to induce gene expression that lay between both surfaces, but were not significantly 
different from either. 1-hexacosonal treated slides, whilst still being non-significantly 
different to either pre-cleaned or non-treated glass slides, came close to inducing significantly 
different in gene expression when compared to barley. Therefore although treatments or 
artificial surfaces may modulate gene expression it did not appear that any, by themselves 
caused enough of a modulation of gene expression to be significantly different from any 
other.  





Figure 4-21: A) Comparison of RNA abundance of EST clone D00944 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D00944 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone D00881 
This gene encodes a α-1,6-mannosyltransferase. The expression profile is shown in Figure 
4-22b. Data suggested than expression at 4 h.p.i. should be higher during development on 
glass than on barley and wheat (which itself should show expression that is moderately higher 
than that seen on barley).  RT-qPCR (Figure 4-22a) failed to confirm this trend although it 
did suggest significantly higher expression in spores germinating on cleaned glass slides and 
both hydrophilic and hydrophobic sides of gelbond compared to wheat (at α = 0.05) 
(Appendix C 9.6). Slides that hadn‟t been pre-cleaned with chromic acid also had a higher 
level of expression that was nearly, but not quite, significant in comparison to that on wheat. 
Although not significantly different from the cleaned glass the visual trends suggest some 
form of repression in slides treated with either 1-hexacosanal, cutin monomer and cuticle 
extract and wheat as gene expression appears uniformly reduced in these samples.  
 




Figure 4-22: A) Comparison of RNA abundance of EST clone D00881 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D00881 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone D01260 
This transcript encodes an adenosylhomocysteinase. The expression profile is shown in 
Figure 4-23b. As seen from the microarray data the expression on glass at 4 h.p.i appears to 
be 1-fold higher than on barley and wheat. Statistical analysis of the RT-qPCR data (Figure 
4-23a), suggested no surface induced expression differing from either that of the host or from 
either form of the glass slides (Appendix C 9.6). As with previous EST it appears that 
conclusions as to the varying effects of the treatment are not possible.    




Figure 4-23: A) Comparison of RNA abundance of EST clone D01260 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone D01260 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone C00009 
This gene encodes a MAPK Interacting protein. As can be seen from that data at 4 h.p.i. 
abundance of RNA for the gene for which the EST relates to is 3 fold higher in barley than 
when germination is occurring on glass (Figure 4-24a). Expression during development on 
barley is also 1.5 fold higher than that seen on wheat. This difference between spores 
developing on barley and glass was not confirmed by RT-qPCR (Figure 4-24b) (Appendix 
C 9.6). Failure of all replicates of the cutin monomer to replicate with this gene meant its 
expression could not be assessed. Similarly because certain replicates would not amplify with 
regards to the aldehyde and the cuticle extract the values were not included in the statistical 
analysis. However plotting of their available values suggested expression by spores on that 
surface may lie in a similar vicinity to that seen in spores developing on wheat.  
 




Figure 4-24: A) Comparison of RNA abundance of the EST clone C00009 relative to the NADH-
ubiquinone oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C0009 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟) and glass slides („G‟) 
(Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) Standard deviation 
 
Interestingly there was a significantly higher expression for this EST on barley than on wheat 
at α = 0.05, seemingly confirming the microarray data in this instance. Furthermore, the 
expression seen in spores germinating on both sides of gelbond and on slides either cleaned 
with chromic acid or left un-treated was significantly higher than on that seen on the wheat at 
α = 0.05 (Appendix C 9.6).  
Expressed Sequence Tag Clone C00482 
This gene relates to encodes a 1, 3-ß glucanase. The expression profile is shown in Figure 
4-25a. In this case although untreated glass provided the basis for an expression level equal to 
that found on barley (and wheat, hence contradicting the microarray data presented in Figure 
4-25b), treatment of slides with 16-hydroxyhexadecanoic acid led to a 3 fold decrease in gene 
expression. This decrease was significantly different at α = 0.05 (Appendix C 9.6). Statistical 
analysis suggested that although expression was lower than that seen for either cleaned glass 
or non-cleaned glass, both types of gelbond and aldehyde treated glass, it was not 
significantly different at α = 0.05.      




Figure 4-25: A) Comparison of RNA abundance of EST clone C00482 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer.  B) Relative 
Expression of EST Clone C00482 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟),  and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone C01244 
This gene encodes a transporter, potentially related to the PHO87 phosphate transporter 
protein. The expression profile is shown in Figure 4-26b. As can be seen from that data at 4 
h.p.i. abundance of transcript is a fold higher for spores on barley and wheat than on glass. 
Statistical analysis failed to define any difference in gene expression present between the 
surfaces for this EST (Appendix C 9.6). Although the full number of replicates weren‟t 
present, the available data suggested that that the cutin monomer would lead to expression 
levels similar to those present in spores developing on non-cleaned glass.  
 




Figure 4-26: A) Comparison of RNA abundance of EST clone C01244 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C01244 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone C01417 
This gene has an unknown function. The expression profile is shown in Figure 4-27. As can 
be seen from that data at 4 h.p.i. abundance of RNA for this EST is higher in approximately 
5-fold higher on barley than when germination is occurring on glass. Wheat-based 
germination shows a similar profile to that of barley (Figure 4-27b). The RT-qPCR data 
supported this trend with expression on glass (either chromic acid treated or left untreated) 
being significantly less at α = 0.05 than on barley (Figure 4-27a). Furthermore all artificial 
surfaces appeared to provide expression levels that were significantly less than on the barley 
at α = 0.05 (but not wheat) (Appendix C 9.6). In the case of untreated glass slides (either pre-
cleaned or not) and also those treated with cuticular extract expression was significantly less 
than that stimulated by wheat at α = 0.05. In conclusion it would seem in the case of this EST 
treatments either chemical or physiochemical in nature failed to lead to host-like expression 
on artificial surfaces. 
 




Figure 4-27: A) Comparison of RNA abundance of EST clone C01417 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression EST Clone C01417 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
 
Expressed Sequence Tag Clone C00059 
The related gene (a cPKA gene) encodes a catalytic subunit for the cAMP-dependent protein 
kinase A. The expression profile is shown in Figure 4-28b. Expression for development at 4 
h.p.i. is a fold higher during development on barley and wheat, than during germination 
occurring on non-cleaned, untreated glass. Visually although expression levels appear lower 
in non-treated glass than barley this could not be confirmed by statistical analysis (Figure 
4-28a) (Appendix C 9.6). No germination surface led to a significantly different level of 
expression.   




Figure 4-28: A) Comparison of RNA abundance of EST clone C00059 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C00059 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟) and glass slides („G‟) 
(Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) Standard deviation 
 
Expressed Sequence Tag Clone PS11B04 
This transcript is thought to encode a calcium ion transporter. The expression profile is 
shown in Figure 4-29b. Showing similar expression profiles, RNA abundance during 
development on both plant surfaces is approximately 3-fold higher than when germination is 
occurring on glass. As with many of the previous tests expression this difference could not be 
confirmed by RT-qPCR (Figure 4-29a). Although treatments of slides with 1-hexacosanal 
suggested an increase in gene expression on slides treated with this substance when compared 
to non treated controls this was not supported by statistical analysis (Appendix C 9.6). 




Figure 4-29: A) Comparison of RNA abundance of EST clone PS11B04 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone PS11B04 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass 
slides („G‟) (Microarray data provided by Dr. Maike Paramor). Error Bars = A) Standard error, N= 3 B) 
Standard deviation 
Expressed Sequence Tag Clone C01157 
This transcript encodes a protein disulfide isomerase. The expression profile is shown in 
Figure 4-30b. The treatments and artificial surfaces failed to reveal a significant induction of 
any gene expression either from each other or from non-treated glass slides or the host barley 
(Figure 4-30a) (Appendix C 9.6). A slight visual trend is seen with gene expression during 
development on barley appearing slightly higher than that of glass, but this could not be 
confirmed statistically.  
 
In conclusion, germination screens suggested different surfaces had alternate effects on gene 
expression (as visualised by different germination/developmental patterns) with some 
compounds such as 1-hexacosanal treated slides inducing significant levels of appressorial 
formation. However, these effects were not so easily discerned when assessing expression 
levels of ESTs with distinct expression profiles at 4 h.p.i.  
 




Figure 4-30: A) Comparison of RNA abundance of EST clone C01157 relative to the NADH-ubiquinone 
oxidoreductase in Bgh spores developing on 9 different surfaces at 4 h.p.i.  
This comparison was made by RT-qPCR. HHD = 16-hydroxyhexadecanoic acid, cutin monomer. B) Relative 
Expression of EST Clone C01157 RNA as assessed by microarray analysis and as expressed relative to a 
universal standard. RNA abundance was studied at 0, 4, 8, 16 h.p.i. on barley („B‟), wheat („W‟) and glass slides 




Of the genes investigated by RT-qPCR eight showed some form of significant response in 
expression during spore development after exposure to different stimuli. As a consequence 
attempts were made to confirm i) the function of the genes in question, ii) the copy number 
present in the Bgh genome (i.e. the existence of paralogs), and iii) the existence and 
relatedness of orthologs (i.e. species distribution). EST sequences, predicted protein 
sequences, protein signature recognition results produced by InterProScan software, lineage 
(taxonomy) reports and neighbour joining trees are displayed in Appendix C: 9.7 and 9.8 and 
on the accompanying CD. 
 
EST Clone Library Identifier D00189. 
BlastN nucleotide analysis indicated that there was only one copy of this gene within the Bgh 
genome. No accurate model existed for this gene and so attempts were made to create one. It 
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was not clear either what frame the EST was in or which start/stop codon were correct and so 
difficulties were encountered that could not be resolved. However the largest nucleotide 
sequence attainable was run on the „nucleotide database (nr/nt)‟ hosted on NCBI 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) utilising the BlastN function there-in. No significant 
hits were encountered so attempts were made to blast the protein sequence against the „non-
redundant protein sequences‟ database also hosted on NCBI. A weak hit was present 
indicating a very low similarity to a putative TonB-dependent iron outer membrane 
transporter (E-value = 3.2). As a consequence no function could be determined with certainty. 
Furthermore with the evidence available at the time of writing, this gene appears to be an 
„Orphan‟ (an open reading frame of unknown function) as no orthologs could be determined. 
   
EST Clone Library Identifier C00606. 
Similar to EST D00189, this gene appears to have only one copy within the Bgh genome. 
Attempts to identify gene function by scanning both the nucleotide and protein sequence 
databases on NCBI (which were derived from attempts to generate a gene model) did not 
suggest the presence of orthologs or confirm the function of this gene product.  
 
EST Clone Library Identifier D00944. 
As with the previous genes (D00189, C00606) that showed a significant response to the 
stimuli tested here this gene exists as a single copy within the Bgh genome. Encoding a 330 
amino protein predicted to weigh 38.19 kilodaltons, neither BlastP analysis on NCBI nor 
InterProScan motif recognition algorithms could identify a function for this protein or 
homologues existing in other species. However a signal peptide was identified comprising 
amino acids 1-16 (Appendix C: 9.8).  
 
EST Clone Library Identifier C01417. 
A single copy within the Bgh genome a with a predicted product of 14.5 kilodaltons (148 
amino acids). Analysis using InterProScan (protein signature recognition) software 
(Appendix C: 9.8) suggested the sequence contained a signal peptide (amino acids 1-17) as 
well as one transmembrane region (20 amino acids in length, positions 5-25). Together these 
characteristics suggest that the protein is membrane-associated (and potentially secreted). 
BlastP analysis suggests this protein shows similarity to several hypothetical proteins (15 
Germination on Modified Surfaces 
126 
 






) all of unknown functions found in 12 different 
species of ascomycete fungi. These fungi species are found within the taxon Leotiomyceta 
(which contains filamentous fungi). Based on neighbour joining tree analysis (visible on the 
accompanying CD, this Bgh protein clusters close to a clade of proteins from species 
including Glomerella graminicola (anamorph Colletotrichum graminicola – a non-obligate 
biotrophic fungus of the Glomerellaceae family known to cause plant disease, specifically 
anthracnose of cereal species; Behr et al., 2010) and a protein from the hemibiotroph 
Magnaporthe oryzae. Both of these fungi belong to the class Sordorimycetes (of the 
Glomerellaceae and Magnaporthaceae fungal families respectively). Other proteins within 
this clade were found within the model fungal species Neurospora crassa, Sordaria 
macrospora (Engh et al., 2010) and Chaetomium globosum (a soft rot fungi involved in wood 
degradation; Popescu et al., 2011) and Verticillium albo-atrum.  This analysis is displayed in 
the tree diagram found on the accompanying CD to this thesis, as is the clustalw alignment 
upon which the tree is based. Other pathogenic fungi species with homologous proteins 
include Pyrenophora teres f. teres, Pyrenophora tritici-repentis, Leptosphaeria maculans, 
Phaeosphaeria nodorum and the necrotophic plant pathogens Sclerotinia sclerotiorum and 
Botryotinia fuckeliana (anamorph Botrytis cinera) (Schamber et al., 2010; Mei et al., 2011). 
 
EST Clone Library Identifier C00482. 
A single copy gene encoding a 47.45 kilodalton protein of 426 residues BlastP analysis 
utilising the NCBI „non-redundant protein sequence‟ database matched this protein with a 
Bgh protein previously defined by Zhang and Gurr (E-value = 0.0, submitted directly to 
NCBI, accession number: Q96V64) as a glucan 1,3-beta-glucosidase. This identity was 
further supported by InterProScan protein recognition software utilising HMMPfam 
prediction search algorithms to compare the sequence against member databases. The 
sequence identified a motif characteristic of cellulases between residues 81 to 315, with a 
catalytic core region of a glycoside hydrolase between residues 29 to 417. BlastP analysis 
indicated homologous gene products present within both ascomycete (46 to be specific) and a 





). Basidiomycete species with homologous products include 
Agaricus bisporus (the common mushroom), and the biotrophic pathogens Ustilago maydis (a 
disease of maize) and Sporisorium reilianum, both members of the Ustilaginaceae family 
(Schirawski et al., 2010). Proteins with homology from these organisms include exo-1,3-beta-
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glucanses and members of the glycoside hydrolase protein family. The 46 ascomycete species 
are too numerous to list here but also include proteins identified as 1, 3 beta-glucanases or 
1,3-beta glucosidases (species and protein identities are listed in the lineage report found on 
the accompanying CD). These species include 18 members of the class Saccharomycetes 
(specifically of the families Saccharomycetaceae, Metschnikowiaceae, 
Wickerhamomycetaceae, Dipodascaceae and Debaryomycetaceae) as well as Tuber 
melanosporum (French truffle, a member of the Tuberaceae family, of the class 
Pezizomycetes). The majority of fungal species were members of the taxon Leotiomyceta 
(part of the subphylum Pezizomycotina) including the Pleosporaceae, Leptosphaeriaceae, 
Phaeosphaeriaceae (all families of the class Dothideomycetes) and the Arthrodermataceae, 
Ajellomycetaceae, Trichocomaceae families (of the class Eurotiomycetes). According to 
neighbour joining tree analysis these taxon members also included two species with proteins 
of the highest homology, the necrotrophs Sclerotinia sclerotiorum and Botryotinia fuckeliana 
(both belonging to the Sclerotiniaceae a member family of the class Leotimycetes which 
contain the fungal family Erysiphaceae, itself containing barley powdery mildew). The 
proteins of these fungi are listed as a glucan 1,3-beta-glucosidase in the case of S. 
sclerotiorum and a hypothetical protein in the case of B. fuckeliana. Other proteins (both 
hypothetical and proteins listed as glucan 1,3-beta-glucosidase precursors, listed in the 
sequence report on the accompanying CD) with lower homology include those of the 
ascomycete plant pathogens Pyrenophora teres f. teres (causal agent of net blotch on barley; 
Liu et al., 2011) and Pyrenophora tritici-repentis (causing red smudge of wheat; Bouras et 
al., 2010), both members of the family Pleosporaceae, of the taxon Pleosporineae). Other 
fungi with proteins of close homology include Leptosphaeria maculans (causal organism of 
black leg of crucifers; Light et al., 2011) and Phaeosphaeria nodorum (synonym Stagnospora 
nodorum, a blotch disease of wheat; Mebrate et al., 2001) – two other members of the 
Pleosporineae (of the Leptosphaeriaceae and Phaeosphaeriaceae families).  
 
EST Clone Library Identifier C00009. 
Encoding a 33.93 kilodalton protein of 217 amino acids this gene is found as a single copy 
within the Bgh genome. BlastP analysis suggested it showed similarity to MAPK interacting 
proteins. The protein sequence contained a low complexity region (indicative of a 
transmembrane region between amino acids 198-216) and a signal peptide (amino acids 1-18) 
that suggested it was membrane bound or secreted. BlastP and InterProScan analysis utilising 
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HMMpfam prediction search algorithms suggested that the protein showed similarity to the 
Pfam domain „Drmip_Hesp‟ (between amino acid 30-103), a family involved in fungal 
fruiting body formation and in host attack (Szeto et al., 2007) (Appendix C: 9.8). BlastP 
analysis (NCBI) suggested homolgy to 62 proteins from other organisms including 32 species 





fungal species are identified as belonging to the subphylum Pezizomycotina or more 
specifically the taxon Sordariomyceta. Member families include Glomerellaceae, 
Nectriaceae, Clavicipitaceae, Magnaporthaceae, Ophiostomataceae, Chaetomiaceae (all 
families of the class Sordariomycetes), Sclerotiniaceae (of the class Leotiomycetes), 
Onygenaceae, Ajellomycetaceae, Arthrodermataceae, Trichocomaceae, Leptosphaeriaceae 
(all families of the class Eurotiomycetes), and the Phaeosphaeriaceae (both of the class 
Dothideomycetes). Homologous proteins from these organisms include extracellular matrix 
proteins and hypothetical proteins with no formally annotated function. Based on neighbour 
joining tree analysis of all these sequences, this Bgh protein clusters with 
predicted/hypothetical proteins from Sclerotinia sclerotiorum and Botryotinia fuckeliana, 
while also showing close relationship to proteins from Glomerella graminicola (family: 
Glomerallaceae) and Verticillium albo-atrum (family: incertae sedis) both of the order 
Hypocreales, of the class Sordariomycetes. Fusarium oxysporum f. sp. lycopersici (a 
soilborne plant pathogen of the family Nectriaceae), which causes fusarium wilts of tomato 
(Escobosa et al., 2010), is phylogentically clustered near to the clade containing the predicted 
Bgh protein (the tree is found on the accompanying CD) and contains a protein predicted to 
be an extracellular matrix protein precursor. Therefore this protein may show some 
characteristics of a secreted protein. 
 
EST Clone Library Identifier D00881. 
Another single copy gene within the Bgh genome that encodes a predicted product of 369 
amino acids (41.38 kilodaltons). BlastP analysis suggested this protein was a 
glycosyltransferase. Analysis utilising InterProScan (Appendix C:9.8) confirmed this by 
indicating the presence of a sugar binding motif between residues 116-198, but also 
suggested that this protein contained a signal peptide (amino acids 1-24) as well a predicted 
transmembrane region (amino acids 7-27). Together these characteristics could suggest this 
protein is potentially membrane bound or secreted. As with other gene products mentioned 
previously the protein sequence suggested that this gene product functioned as a 
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glycosyltransferase when analysed using the BlastP function on NCBI. The organisms with 





(species and protein identities found on the accompanying CD). These proteins include those 
annotated as being mannosyltransferase-like proteins, glycosyltranferases, or initiation-
specific alpha-1,6-mannosyltransferases. Two species (Schizosaccharomyces pombe and 
Schizosaccharomyces japonicus) were members of the family Schizosaccharomycetaceae (of 
the class Schizosaccharomycetes, subphylum Taphrinomycotina). 19 species were members 
of the subphylum Pezizomycotina. These included members of the families 
Phaeosphaeriaceae, Leptosphaeriaceae, Onygenaceae, Ajellomycetaceae, 
Arthrodermataceae, Trichocomaceae and Tuberaceae. The 14 other fungal species were 
classed as members of the Leotiomyceta [(including members of the families Sclerotiniaceae 
(of the Leotimycetes), Sordariaceae (order: Sordariales), Chaetomiaceae, Lasiosphaeriaceae, 
Magnaporthaceae, Ophiostomataceae, Glomerellaceae, Nectriaceae and  Clavicipitaceae (all 
of the Sordariomycetes)]. Interestingly as with other gene products studied in this 
investigation the homologous proteins (although with no predicted function) that clustered 
most closely during neighbour joining analysis originated in Sclerotinia sclerotiorum and 
Botryotinia fuckeliana of the Sclerotiniaceae family (class members, alongside Bgh, of the 
Leotimycetes). Other organisms with proteins clustering close to this Bgh protein include 
species of the Leotiomyceta (or more particularly the Sordariomyceta): Glomerella 
graminicola (with a protein containing a glycosyltransferase sugar-binding region), 
Verticillium albo-atrum (initiation-specific alpha-1,6-mannosyltransferase), Magnaporthe 
oryzae, Grosmannia clavigera (a beetle-associated fungal pathogen of conifers, alpha-
mannosyltransferases; Wang et al., 2010), Neurospora crassa, Sordaria macrospora, 
Chaetomium globosum, Podospora anserina, Gibberella zeae (anamorph Fusarium 
graminearum, a necrotrophic pathogen of wheat, barley and maize; Desmond et al., 2008; 
Wong et al., 2011), Nectria haematococca (synonym: Fusarium solani; Su et al., 2010), 
Metarhizium anisopliae and Metarhizium acridum (both entomopathogenic fungi with 
initiation-specific alpha-1,6-mannosyltransferases, Leng et al., 2011; Paula et al., 2011).  
 
EST Clone Library Identifier D00658. 
BlastN nucleotide analysis suggested that there were three identical copies of this gene within 
the Bgh genome (all with E-values of 0), suggesting the existence of a paralogous family 
based on gene multiplication (BluGen annotations: bghT007426000001001; 
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bgh00800_mRNA; bght008100000001001). A closely related gene was also found (with an 
E-value of 2.3 e
-96
, BluGen annotation: bgh00799_mRNA) (Appendix C:9.8). Two of the 
three copies had existing gene models whilst one required the formulation of a new gene 
model. The resulting gene models indicated the existence of four proteins of 123, 210, 228 
and 144 residues respectively (the ClustalW alignment is shown in Figure 4-31).  
 
Alignment of the protein sequences (corresponding to the four gene products) revealed a long 
stretch of identity corresponding to the overlapping regions of sequence. The similarity of 
sequences for BghT007426000001001, Bgh00800 and BghT008100000001001 was 100 % 
(both for amino acid identity and property). Notably the sequence of Bgh00799 contained an 
arginine instead of a glycine (which was found in all other sequences found in all other 
sequences at position 135). The primary difference between these sequences however was in 
length, with truncations found at both the N and C termini (Figure 4-31). The highly 
conserved nature of the sequences, combined with the incomplete stage of Bgh annotation, 
may point to these sequences actually being encoded by the same gene (but found at this 
stage on overlapping genome contigs). As such it is possible that this gene may have a lower 
copy number than suggested by BlastN analysis. 
 
 
Figure 4-31: ClustalW alignment of protein sequences of genes identified by BlastN analysis of EST 
D00658 against the Bgh annotated genome. Sequences are labelled with their genome annotation 
(Appendix C: 9.8) 
Analysis of the sequences using InterProScan suggested the first protein (19.08 kilodaltons in 
size) contained a glycosyltransferase motif (residues 1-120) and was a member of a product 
of a nucleotide diphosphase sugar transferase supefamily (Appendix C: 9.8). The second 
gene product (estimated at 25.28 kilodaltons) contains a similar motif (amino acids 9-174), 
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according to HMMPfam sequence recognition algorithms, whilst the final 23.05 kilodalton 
protein contains a glycosyltransferase motif (amino acids 3-148). The closely related gene 
had a predicted protein sequence of 228 amino-acids (equating to a product of 15.99 
kilodaltons). The glycosyltransferase signature motif as determined by HMMPanther 
recognition algorithms of InterScanPro lay between amino acids 2-141. BlastP analysis of the 
„non-redundant protein sequences‟ database of NCBI suggested this gene product showed 
homology to proteins from ascomycetes (49 species), basidiomycetes (5 species) as well as 
from other members of the Eukaryota from the kindom Animalia (including lancelets, 





). These species are too numerous to be listed here but are found on the 
accompanying CD alongside the taxonomy lineages of all sequences found during the BlastP 
analysis. Of the ascomycete fungal species present these include members of the 
Sclerotiniacea, Hypocreaceae, Clavicipitaceae, Nectriaceae, Glomerellaceae, 
Magnaporthaceae, Lasiosphaeriaceae, Ophiostomataceae, Pleosporaceae, 
Leptosphaeriaceae, Ajellomycetaceae, Anthrodermataceae, Onygenaceae, Trichocomaceae, 
and Tuberaceae. As noted with previous gene products this Bgh protein clustered most 
closely with Sclerotinia sclerotiorum and Botryotinia fuckeliana. In the case of S. 
sclerotiorum the protein was identified as a mannose phospho-dolichol synthase. Furthermore 
the proteins showing greatest homology (based on neighbour joining analysis found on the 
accompanying CD) all belonged to fungal species of the Sordariomyceta. 
 
In conclusion of the eight genes that underwent bioinformatic analysis 7 were conclusively 
shown to exist as a single copy within the genome. Another may exist with more than one 
paralogs, although as noted at this stage this requires further elucidation. Of the genes tested 
four of them had identifiable functions which will need further testing for confirmation. One 
(EST C00482) encodes a glucan 1,3-β glucanase. Another (EST C00009) shows a motif 
characteristic of a MAPK interacting protein. Two others have characteristics indicating their 
functions as glycosyltransferases. Searches for homologous proteins within other organisms 
suggested that three proteins contained no known counterparts. All other proteins had 
homologs within varying numbers of ascomycete species, including organisms that were 
necrotrophs or hemibiotrophs.     
 
 




The aim of this chapter was to elucidate the surface dependent nature of gene regulation in 
Bgh. It has been suggested in the previous chapter that differential gene expression (as 
visualised by different developmental states) occurs during germination on surfaces other 
than the host. Therefore investigations (Table 4) featured within this chapter aimed to firstly 
discern the physical effects of selected stimuli (chosen to mimic signals present on the host) 
on Bgh development. This was followed by investigations discerning any modulation of gene 
expression of selected differentially expressed genes caused by these stimuli. It was the 
hoped that compounds may be induce expression to match that seen on the host proving 
conclusively the role of that stimulus in regulating gene expression. 
 
The behaviour of two compounds in particular (a barley leaf cutin monomer, 16-
hydroxyhexadecanoic acid and a barley cuticle aldehyde ,1-hexacosanal) showed, in different 
studies, potential as inducers by advancing development on glass slides to the appressorial 
stage. This was further than encountered originally during developmental studies on glass 
slides in Chapter 3. These compounds were employed alongside a rough barley cuticular 
extraction and two surfaces offering known levels of hydrophobicity to attempt the induction 
of selected genes shown to have differential expression at 4 h.p.i. The results encountered are 
discussed below.     
4.5.1: Stimuli screen 
In the first preliminary screen a number of compounds (Table 4; Figure 4-3) were tested to 
define their relative abilities to enhance development on glass slides (Figure 4-4Figure 4-4: 
A graph profiling development of Bgh on treated glass surfaces (utilising welled slides) at 24 
h.p.i.  
Ng = Non germinated; Pgt = Primary (1) germ tube; Sgt = Secondary (2) germ tubes; 
Esgt/App = Elongating Second Germ Tube, App = Appressoria Formation (symptomatic 
hooking and swelling); Haus = Formation of haustoria; Mm = More than 2 germ tubes. (Error 
bars = ± standard error, n=8. Graph constructed from percentages based on averages of 150 
spores, derived from 8 independent means of 3 sub-replicates). Those that induced the more 
advanced stages of development when compared to untreated slides would be selected for 
further analysis. These stimuli included compounds known to reside within the barley leaf (in 
the case of 1-hexacosanal, 1-hexacosanol and 16-hydroxyhexadecanoic acid), aliphatic 
alcohols of known chain length (1-dodecanol) and precursors/related compounds to the 
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aldehyde 1-hexcosanal (hexacosanoic acid) (Espelie et al., 1979; Reynhardt and Riederer, 
1994; Tsuba et al., 2002). Solutions of known concentration were applied by droplet to wells 
of a slide where evaporation of the solvent was allowed to take place. Spore germination was 
then assessed. 
  
As a result of this study several compounds were eliminated from further investigations. 
These included 1-dodecanol and 1-hexacosanol (C12 and C26 aliphatic alcohols respectively). 
Additionally work with hexacosanoic acid was similarly terminated. All three compounds 
either induced less germination compared to other stimuli or failed to induce significant 
numbers of appressoria (the furthest level of development expected on artificial surfaces). 
The results encountered with the aliphatic alcohols were not unexpected. In their work Tsuba 
et al., (2002) note that the thin layer chromatography fraction of barley wax equating to 
primary alcohols led to a combined AGT/APP induction of 1.3 % (in comparison to the 
fraction associated with aldehydes that led to a combined induction of 50 % approximately) 
after 24 h.p.i. Initially this is surprising as, according to studies by Reynhardt and Riederer 
(1994) and Richardson et al., (2005) n-alkanols equate to up to 87 % of the barley leaf wax 
complement (with C26 compounds forming the majority of this at approximately 82 %). 
However, as suggested by Jetter et al., (2000) the epicuticular wax layer may act very much 
as a cloak, covering up more specific host-related intracuticular contents, in a more generic 
covering of aliphatic compounds. Therefore Bgh may have evolved to rely on the less 
common aldehydes as more specific signals of host presence.  
 
In the case of 1-dodecanol (Figure 4-3) the compound leading to the lowest germination rates 
of all compounds tested) the case may be more straightforward.  Reynhardt and Riederer 
(1994) suggest that the majority of barley wax constituents (approximately 90 %) have chain 
lengths from C20 to C34. The remaining 10 % have chain lengths from C39 to C50. Although, as 
a caveat, it must be noted their study does utilise barley leaves from the 3-leaf growth stage, 
and cuticular wax composition may change with age, no note is made of any primary alcohols 
present within the barley leaf cuticle with a chain length under C20. Bearing in mind Tsuba et 
al., (2002) suggested that aldehydes of chain lengths other than C26 may act as inhibitors to 
development it is possible that a similar effect is caused by this “alien” chain length primary 
alcohol that may not be found to any negligible degree in the barley epidermis.  
 
When considering hexacosanoic acid, an alkanoic acid of C26, the lack of appressorial 
induction may be solely decided by its lack of presence within the barley leaf. Reynhardt and 
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Riederer (1994) observe that C26 alkanoic acids may form merely 0.7 % (by mass) of the 
cuticular waxes. Although the fungus may detect “rare” components of the leaf to ensure 
correct host location, the rarity of compounds such as of alkanoic acids of chain length C26 in 
the barley leaf does not necessarily mean that they are relied on to ensure advanced 
development.       
 
The two most successful inducers of appressoria were 16-hydroxyhexadecanoic acid and 1-
hexacosanal. It was decided of all stimuli tested these two compounds may show the most 
easily discerned effect on gene expression. As a result, these compounds were taken forward 
for further study and their relative effects on development are discussed later.  
 
Although a useful study as it informed later studies there were drawbacks. As each well was 
surrounded by a plastic edging, the attempted spreading of compounds evenly across the 
wells was not possible. Therefore as solvent evaporated from the compounds tested, „rings‟ 
of compound formed within the selected wells. Thus, this aggregation meant that compound 
distribution was not uniform and may very well have impeded spore development. This may 
well have been the case when the under performance of the cuticle extract is considered. If all 
components from the leaf cuticle had the potential to be removed during the extraction (as 
suggested by the removal of coleoptile cuticle by Iwamoto et al., 2002; 2007) and then 
applied to the well accordingly, advanced germination stages should have been expected, 
especially by 24 h.p.i. However, as very few germ tubes with either AGT or full appressorial 
characteristics were seen it may be that signals were presented at a non-optimal 
concentration. Another potential explanation for the unexpected lack of induction by the 
extract may be that the solvent (and dipping procedure) used may have led to compounds 
inhibitory to the development of the mildew being extracted from the inside leaf spaces. An 
uneven presentation of these compounds on the slide well may have led to their accumulation 
at inhibitory concentrations. Combined with this the extraction via dipping of selected barley 
leaves was limited to 1 minute in length. This may not have been enough to fully remove all 
components from the leaf surface meaning certain key components of the leaf surface were 
not presented to the developing fungus, therefore affecting its development.  
4.5.2: Characterisation of Blumeria graminis f. sp. hordei upon cutin-monomer 
treated glass slides. 
Previous investigations in Chapter 3 and in microarray studies conducted by Dr. M. 
Paramor, utilised slides without the multi-well setup as used in the previous general stimuli 
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screen. Therefore to ensure uniformity of technique attempts were made to optimise the 
coating of these slides in preparation for later expression modulation studies (Table 4). To 
summarise these results for this study: firstly (as eluded to in the discussion of Chapter 3) it 
was discovered that a polish was present on these slides (Figure 4-6). This polish could 
inhibit later stages of development (limiting development to primary germ tube formation, 
with lower levels of secondary germ tube development and lower levels still of appressorial 
formation). After cleaning with chromic acid a low level of appressorial formation could be 
induced (providing similar results to Francis et al., (1996), a study where cutin monomer 
effect on development was also observed) (Figure 4-7). Even though the manufacturer had 
been contacted no information regarding this polish could be ascertained. Therefore as it may 
show unknown reactivity for added compounds, and had a demonstrable effect on germling 
development, further work focused on application of compounds after this substance had 
been removed by chromic acid washing. 
 
The second result, already suggested by the general screen, was that the addition of the cutin 
monomer, 16-hydroxyhexadecanoic acid (Figure 4-3), to glass slides induced the formation 
of appressorial germ tubes. This supported the earlier findings of the general stimuli screen. 
This formation is not unexpected as similar work has been performed previously (Francis et 
al., 1996). Interestingly, formation of the appressorial germ tubes was not observed to the 
same extent as seen on barley. In later studies appressorial formation equalled 7 % compared 
to approximately 23 % in barley at the same time point. Interestingly, appressorial formation 
does not equal that seen in the study of Francis et al., (1996) although the concentrations used 
in both their study and this were similar. Both monomers used by Francis et al., induced 
approximately 29 to 33 % appressorial formation amongst germinated conidia (in this study 
the largest appressorial formation equates to 19.5 % of germinated conidia). The monomers, 
cis-9,10-epoxy-18-hydroxy-stearic acid and 8,16-dihydroxy-palmitic acid, used by Francis et 
al., (1996) make up 33 and 20 %, respectively, of the aromatic cutin monomer composition of 
the barley leaf (according to Espelie et al., 1979). In comparison previous studies have 
indicated that 16-hydroxyhexadecanoic acid forms only 1 % of the aliphatic cutin monomers 
complement (Espelie et al., 1979). Ideally all three monomers would be used in expression 
studies. However, attempts to attain these more prevalent monomers were unsuccessful 
meaning tests had to rely on the less common, but easier to attain, 16-hydroxyhexadecanoic 
acid.  




The larger presence in the leaf of the monomers used by Francis et al., coupled with their 
greater inducement of appressoria, suggests there may be greater emphasis placed on certain 
monomers as signals than others, potentially due to actual availability in the leaf cuticle. 
There are several complicating factors to this conclusion. Firstly, the hydrophobicity of the 
glass slides used in the 1996 study was gauged at being approximately 41 degrees which is 
higher than glass slides used in these experiments. Combined with the longer incubation 
times this hydrophobicity may generate appressorial levels that are not solely due to the 
action of the monomers by themselves. Authors have noted an increased chance of germ 
tubes contacting the surface on more hydrophobic surfaces, which may then lead to later 
stages of development (Carver et al., 1999; Nielsen et al., 2000). In the study presented here 
the intended concentration of 16-hydroxyhexadecanoic acid lay within limits assessed by 
Francis et al., as non-toxic. However this study may have been hampered by an inability to 
prepare a uniform distribution across the slide surface using the droplet/spreading method. 
This may result in intrinsic variation of the compound on the slide, leading to poor 
germination in some cases. As a side-note, the 16-hydroxyhexadecanoic acid-induced 
appressorial structures appear to differ in morphology (being longer and sometimes thicker) 
to those normally observed developing on barley. This, again, suggests that other signals (for 
example, cellulose breakdown products, Pryce Jones et al., 1999) have effects that 
cumulatively act to “fine-tune” AGT development.  
 
4.5.3: Developmental behaviour at 4 h.p.i. and 16 h.p.i. on treated surfaces 
Previous studies had shown the ability of 16-hydroxyhexadecanoic acid and 1-hexacosanal as 
stimuli with the capability of causing significantly higher levels of appressoria on glass than 
would be encountered on untreated glass slides. To accompany the testing of their effect on 
gene expression two more observational studies were completed (Table 4). One was carried 
out at 4 h.p.i. (Figure 4-8) the same time as which gene expression on both the host and glass 
slides were seen to differ (Dr. M. Paramor). This would provide morphological data to 
support gene expression analysis at 4 h.p.i. A second test would also be performed at 16 h.p.i 
(Figure 4-9). This would use the same conditions as both the 4 h.p.i. developmental study 
and the gene expression analysis tests (also at 4 h.p.i.). The aim of this 16 h.p.i. test would be 
to give a truer indicator of differential morphological development (that may not be readily 
apparent at 4 h.p.i.). In both the 4 h.p.i. and the 16 h.p.i. morphological tests, and also the 4 
h.p.i. expression analysis other stimuli as well as 16-hydroxyhexadecanoic acid and 1-
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hexacosanal would be employed. These would include slides treated with a barley cuticle 
extract, hydrophilic and hydrophobic surfaces of gelbond, wheat and the host, barley.  
 
Although both developmental studies at 4 h.p.i. (Figure 4-8) and 16 h.p.i. (Figure 4-9) are 
not directly comparable as they were performed at different stages of experimentation, it is 
possible to make some general statements regarding trends of development over the two time 
periods. As with previous developmental studies as time increased larger numbers of later 
developmental stages were encountered for the surfaces tested. Furthermore in the case of 
stimuli-treated slides this behaviour was often different (and more advanced) than the 
behaviour on slides not pre-cleaned with chromic acid. This non-cleaned type of slide had 
been used in the original expression studies by Dr. M. Paramor so it seemed reasonable that 
they be retained for assessment of treatment effectiveness, even if part of the developmental 
behaviour associated with them could be explained by polish. A more accurate form of 
negative control for treated slides was the employment of slides pre-cleaned with chromic 
acid. In many cases treatment with stimuli caused more advanced development compared to 
these pre-cleaned slides as well.   
 
Although not necessarily full matured appressoria, the tubes classified as AGT at 4 h.p.i. had 
begun to show elongation and swelling. These structures were most common on the plant 
surfaces. This was not unexpected. As seen previously in Chapter 3 (Figure 3-3; Figure 
3-4) and as demonstrated again in this chapter as part of the study of development at 4 h.p.i. 
(Figure 4-8), wheat may also induce high levels of appressorial development, but not equal 
to that seen in barley. Reasons for this may include some form of inhibition that limits later 
stages of development. The most prevalent aldehyde present in the wheat leaf surface is 
octacosanal (a C28 compound) with C26 and C30 aldehydes being a minor component of the 
aldehyde fraction (Reisige et al., 2006). Although it was suggested by Tsuba et al., (2002) 
that aldehydes of alternate chain length could act as inhibitors, all aldehydes of specific chain 
lengths contained in wheat have similar counterparts within the aldehyde fraction of the 
barley epicuticular waxes (Tsuba et al., 2002; Reisige et al., 2006). Therefore in this case the 
potential for inhibition seems unlikely, although a lack of inducing C26 aldehydes would go 
someway to explaining the imperfect induction. Additionally, work by Kosman (2003) 
suggests that the C16 fatty acid components of the cutin monomer are greater in proportion to 
the C18-type monomers. Again non-optimal presentation of these monomers, although 
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allowing advanced development of appressoria, may not support host-like levels of 
development.   
 
Interestingly, according to chemical analysis as performed by Koch et al., (2006) the most 
prevalent primary alcohol present in the wheat cultivar „Naturstar‟ was octacosan-1-ol (a C28 
compound prevalent at 89 %, whilst the C26 alcohols were only present at 3.5 %). According 
to some authors this C28 alcohol has the capacity to induce appressorium formation in Bgh 
(Reisige et al., 2006). Analysis by Reynhardt and Riederer (1994) and Richardson et al., 
(2005) suggest that similar C28 alcohols make up only 1  % of the barley wax fraction. If this 
was the case the prevalence of the alcohol in wheat would suggest it had a source of greater 
induction than barley, although numbers in this study do not seem to support this. Maybe this 
alcohol is a minor signal in regards to appressorial formation on barley. Further work needs 
to elucidate this.   
 
According to Feng et al., (2009), of the compounds tested for their ability to induce 
germination and appressorium induction of the wheat specific forma specialis, B. graminis f. 
sp. tritici, it was the fatty alkane of the wheat leaf wax fraction which led to most induction. 
These alkanes (C12, C22, C24 and C25) do not appear to be present within the barley leaf 
epicuticular wax fraction (Reynhardt and Riederer, 1994). This would add support for the 
theory that these obligate pathogens may place at least some of their stimuli-requirements on 
compounds that are specific to the host plant, or at least rare in others, to ensure host 
specificity and correct development.    
 
These results for the plant surfaces are not unexpected. Both barley and wheat leaves contain 
multiple signal combinations that Bgh uses to spur its development. Attempts were made to 
mimic these signal combinations by treating glass slides with a barley cuticle extract. By 
comparing both the 4 h.p.i. and 16 h.p.i. morphological studies (Figure 4-8, Figure 4-9) ( it 
is apparent that as time increases that rates of secondary germ tube and appressorial induction 
increase. Furthermore as length of incubation increases and development progresses spores 
with earlier forms of development decrease, just as on the plant surfaces. In this study, to 
improve on the technique used in the earlier general screen leaf dipping time in the extraction 
solvent was extended and repeated. It was hoped that by doing more cuticular components 
would be harvested. However appressorial formation as induced by the extract is still well 
below that seen during development on barley and wheat, although significantly larger than 
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seen on the either pre-cleaned or non cleaned glass slides.  This has been seen before by 
different authors (Tsuba et al., 2002; Zabka, 2008). It seems therefore that there are extra 
signals present in the leaf not extracted by solvent which account for the extra development 
on the plants surfaces. Primary and secondary plant metabolites may be transported through 
the cuticle. Harder to discover than the permanently present counterparts these compounds 
may also act as signals during development and may act as extra sources for induction that 
lead to higher levels of development on the host plant and its wheat relative. 
 
Jetter et al., (2000) suggest only the outermost layers of the cuticle would be relevant for host 
recognition by fungi (with the epicuticular wax layers taking priority for initial induction as it 
is that layer upon which the fungus lands). This would suggest the mixing of epi-cuticular 
and intra-cuticular layers (as occurred during extraction) may detrimentally affect a very 
synchronous developmental program, even if qualitatively both layers were very similar. 
Another reason for lower induction was the potential for the solvent to access internal leaf 
spaces, leading the extract to “present” inhibitory compounds to the fungus. Jetter et al., 
(2000) found this not to be the case with leaves of Prunus laurocerasus but this may be a 
problem when considering barley leaves. The spurious presentation of signals and inhibitors 
may lead to confused development, as evidenced by a high number of longer than average 
germ tubes and the number of spores with more than two tubes present on slides treated with 
extract at 16 h.p.i.   
 
Other slides in this study were then treated with individual components of the cuticle. It was 
hoped that these individual stimuli would lead to differences in gene expression that could be 
directly attributed to that presented signal. On plant surfaces, and with the cuticular extract, 
this would not be not the case. 
 
Of all of the individual treatments to glass slides, the main stimuli seen to induce 
development and hence affect gene expression, was 1-hexacosanal, an aldehyde. This 
induction was significantly greater than that seen on slides treated with the cuticular extract. 
According to Zabka et al., (2008) the aldehyde fraction of barley cultivar „bonus‟ secondary 
leaves form approximately 6 % of the wax complement. At 4 h.p.i. large numbers of both the 
primary and secondary germ tubes were stimulated, in both cases more than seen on 
untreated glass slides (Figure 4-8). By 16 h.p.i. many of these spores had developed 
appressoria, which supports the findings of both Tsuba et al., (2002) and Zabka et al., (2008) 
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(Figure 4-9). During this study 0.5 µg cm
-2 
was used based on the findings of Tsuba et al., 
(2002) that suggested concentrations higher than this led to a decreased frequency of 
appressorial formation. As noted by Tsuba et al., (2002) this compound may be taken up by 
the conidia. This builds on the suggestion of Nielsen et al., (2000) who reported the uptake of 
low molecular weight compounds by the conidia. The aldehyde also has the chance for 
uptake via the PGT. At this time point it is hard to say whether solely the conidium was 
responsible for the induction or if it was a combination of uptake by both the conidium and 
germ tube. To find this out further studies would be needed to compare numbers of primary 
germ tubes at 30 to 60 minutes, with the expectation that if the conidium was also sensing the 
aldehyde then numbers would be significantly higher than controls.   
 
Glass slides treated with the cutin monomer, 16-hydroxyhexadecanoic acid, behaved as has 
been described previously, showing an ability to induce higher levels of advanced 
development (PGT, SGT) compared to glass slide controls. The 4 h.p.i screen (Figure 4-8) 
appeared to be following expected trends with this compound inducing higher levels of 
primary germ tubes when compared to those induced by the untreated slides. However, 
during the 16 h.p.i. screen development enhancement (at this time point normally 
appressorial germ tubes are apparent) seemed muted resembling that of cleaned glass slides. 
This contradicts the earlier testing on clean and non cleaned glass slides. Such behaviour may 
be explained by an experimental error during the application of monomer to the slides, 
combined with non-uniform distribution of the sample during application.  
 
Alongside glass surfaces presenting varying stimuli, both sides of gelbond (hydrophilic and 
hydrophobic) were used as surfaces providing known levels of hydrophobicity. Studies by 
Carver et al., (1999) and Wright et al., (2000) suggested surfaces with higher hydrophobicity 
permit greater ECM release and also better germ tube to surface contact. Although the extra 
ECM release suggests a response to a non-optimal surface this result would suggest that the 
spore is responding to this property and altering gene expression accordingly.   However, as 
can be seen from the profiles for 4 h.p.i and 16 h.p.i. (Figure 4-8, Figure 4-9), in this 
experiment the hydrophilic gelbond seemed to provide a more inductive surface than its 
hydrophobic counterpart. At both time points, germination, primary germ tube development 
and secondary germ tube development was higher on the hydrophilic gelbond than its 
opposite. Furthermore the induction of these stages often appear higher on the hydrophilic 
gelbond than as seen on the chromic acid treated glass slides. This latter factor would suggest 
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that the response seen in this experiment is not solely due to the spore encountering physical 
contact: which some authors (e.g. Wright et al., 2000) believe is partly responsible for germ 
tube emergence.  
 
Although the level of hydrophobicity is higher on the hydrophobic side of gelbond compared 
to glass slides it is noticeable that developmental stages are often lower than (or equal to, in 
the case of appressoria at 16 h.p.i., (Figure 4-9) those seen for un-treated glass slides. In this 
instance it would suggest that increased hydrophobicity does not play as important a role in 
development as previous authors have suggested. However, the presence of significant 
numbers of spores with branched or long germ tubes at 16 h.p.i. for both sides of gelbond 
suggested the presence of some form of inhibitor/interfering compound on the surface of the 
gelbond.  
 
In summary, although different compounds and surfaces induced different proportions of Bgh 
development, none of the incubation regimes caused development to match that seen on the 
host. This was expected and supports the theory that the fungus must sense a combination of 
signals (or „Host Associated Surface Patterns‟) to complement development (Reisige et al., 
2006). This differential morphological response to these stimuli may make it easier to 
understand the role of each in the surface dependent nature of gene expression. Wheat leaves 
induce high levels of advanced development because of their apparent surface stimuli 
complement. A barley cuticular extract although also inducing appressorial development did 
not match the abilities of the host. This suggests the presence of signals in the living host leaf 
that cannot be extracted by the solvent. Also individual cuticular components such as cutin 
monomers can be themselves induce developmental progression. In the case of one signal in 
particular, 1-hexacosanal, may even cause induction of appressoria to levels higher than the 
cuticular extract. This demonstrates the importance of this stimulus in influencing Bgh gene 
expression. 
 
4.5.4: Analysis of surface hydrophobicity 
To better understand the nature of the stimuli presented in the previously discussed studies to 
Bgh, and their affects on development, attempts were made to measure the hydrophobicity of 
surfaces upon which the fungus was incubated (Table 4). In this study two methods were 
used to discern hydrophobicity. A simple, but robust, technique featured the measuring of 
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crystal violet droplet diameter (modified from methods used by Hill et al., 1980; 
Selabuurlage et al., 1991) (Figure 4-10), whilst the other focused on the now more common 
technique of measuring advancing contact angles of water droplets placed on substrates 
(Figure 4-11). Although performed at different stages of the experimentation both techniques 
supported the majority of conclusions of the other for the surfaces involved. In the two cases 
where such support was not provided (extract treated slides and pre-cleaned slides compared 
to non pre-cleaned slides) it appeared that intrinsic variation (due to technical variation of 
application/treatment to slides) was the cause.       
 
Hydrophobicity is an effect of chemical properties and geometrical structural components 
(Lee et al., 2006). To summarise the results seen (Figure 4-12), all plant surfaces were very 
hydrophobic (i.e. they showed contact angles above 90°). The so-called hydrophobic side of 
gelbond, although showing greater hydrophobicity than other surfaces is still classed as 
hydrophilic with a contact angle under 90°. All treated slides and the hydrophilic side of 
gelbond were very hydrophilic (classed as having contact angles below 90°, Koch et al., 
2008) showing contact angles in the region of 20°. Glass slides that had not been pre-cleaned 
had contact angles which were super-hydrophilic in nature (< 20°, Koch et al., 2008).  
 
It is unsurprising that plant surfaces display such hydrophobicity. Not only is it as a result of 
cuticular wax components but also leaf cell architecture. These hydrophobic properties allow 
the leaf to reduce free water on the surface, allow surface cleaning and provide a more 
inhospitable environment to phytopathogens (Muller and Riederer, 2005). However, it 
appears that pathogens have evolved to respond to this property and may use it as a stimulus 
for growth. 
  
Regarding the assessment of both leaf surfaces from the barley cultivar „Golden Promise‘, the 
technique focused on placing water droplets (or crystal violet droplets) either side of the leaf 
midrib with care being taken not to abut the main vein. This followed observations of 
Wisniewska et al., (2003) who observed that areas alongside veins could give smaller contact 
angles. The results (Figure 4-12) for the barley primary leaf seem to match well the 
measurements gathered by Wisniewska et al., of 129° and 118° for the adaxial and abaxial 
leaf surface: although the authors themselves stipulate that their leaves were taken from 
barley straw (of unknown cultivar) after harvesting and wax content can change with age. 
Data for 7-day-old Golden Promise leaves collected by Francis et al., (1996) presented a 
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smaller contact angle of 104°, although experimental details for that investigation are sparse. 
Data collected by Zabka et al., (2008) for leaves from a different cultivar,‗Bonus‘, suggested 
contact angles of approximately 140° were not that far removed from the readings recorded 
for these leaves, approximately 130°. As hydrophobicity is a factor of both chemical and 
structural facets this difference may be due to differing cultivar architecture and wax crystal 
morphology.   
 
During this study wheat (cultivar „Riband‘) presented a very similar level of hydrophobicity 
to barley (Figure 4-12). This would suggest that behavioural differences, at least with initial 
contact before ECM-mediated degradation of the surface, would probably be down to a 
chemical stimulus rather than a physical one.   
 
Slides were also treated with a barley cuticular extract. It was hoped that this extract would 
allow the enhancement of glass slides with many of the signals present on the barley leaf 
surface. Earlier work had showed an ability to induce appressorial formation by 16 h.p.i., 
suggesting that it did possess such inductive stimuli (Figure 4-9). However, measurements of 
the hydrophobicity of cuticular extract treated slides suggested, surprisingly, that the slides 
did not differ from those that were only pre-cleaned with chromic acid. They were therefore 
very hydrophilic in comparison to either of the barley leaf surfaces. Consequently, it appears 
that the signals provided by this extract would solely be biological in nature and that 
enhanced hydrophobicity would not be one of them. This may explain why, although 
inducing appressoria, the levels do not match that of the host.        
 
Although some authors (for example Neinhuis et al., 2001) note that wax crystals are self-
assembling (Koch et al., 2006) were not able to attain wax platelet formation on glass slides, 
rather irregular layers and aggregates were formed. Furthermore in that study, slides were left 
for 3 days before use to allow for full solvent evaporation and crystallisation. In the 
morphological and gene expression studies presented in this thesis, wax structure resembling 
that on the leaf surface is unlikely to be present after reapplication of the extract to the slide 
as the disordered layering of the applied compound would not form the ordered base some 
authors recommend as necessary for full wax re-crystallisation. Furthermore, Koch et al., 
(2006) pointedly state that a non-polar substrate with a crystalline structure is optimal for wax 
platelet formation and that glass slides are polar surfaces. Combined with a lack of micro-
structures and architecture as present on the barley leaf epidermal cells, as well as the 
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disordered presence of compounds from within the intracuticular layer, these factors may 
explain the lack of change seen regarding the hydrophobicity of cuticular extract treated 
slides. Furthermore this lack of hydrophobicity, combined with the disordered signals 
mentioned earlier, would go some way to explaining both the reduced appressorial induction 
and the presence of germ tubes that appear longer than expected or spores with more than two 
germ tubes which indicates that contact may not have been made with the surface below.     
 
Interestingly, both the addition of the 16-hydroxyhexadecanoic acid and the aldehyde, 1-
hexacosanal, to glass slides also did not significantly alter hydrophobicity in comparison to 
glass slide controls or to each other. Both induce appressorial development, although in these 
studies 1-hexacosanal appears the greater inducer, even more so than a barley cuticular 
extract. It is possible that further alteration of the compounds when applied to the slide by the 
ECM did not occur as both were already in their monomeric form. If this was the case 
hydrophobicity could remain the same after conidial germination and any induction of 
hydrophobicity would be based on a purely chemical structure of the signal rather than 
changes in hydrophobicity. 
 
Although not seen in this study (Figure 4-12), possibly due to the lower concentration used, 
Zabka et al., (2008) found that different concentrations of 1-hexacosanal could alter 
hydrophobicity. This would suggest the aldehyde offers both a signal based on its chemical 
structure and one on its hydrophobic nature. Unlike in studies of Zabka et al., (2008) where 
0.15 µg cm
-2
 led to a contact angle of 83°, in this study 0.5 µg cm
-2
 of 1-hexacosanal treated 
slides exhibited far lower contact angles of approximately 20°. Experimental procedure may 
explain this discrepancy. Apart from their use of silanized-slides (i.e. slides treated to 
increase hydrophobicity to roughly 40°) the authors waited 14 days before usage of the slides 
(to allow full evaporation of the solvent). In this study slides were utilised after 1 night 
evaporation time. The extra time employed by Zabka et al., as well as their use of spraying 
rather than evaporation/spreading, may have allowed better re-crystallisation and contributed 
to the increased hydrophobicity. The results of Zabka et al., (2008) suggest the aldehyde 
offers both a signal based on its chemical structure and one on its hydrophobic properties. 
This would explain role of 1-hexacosanal as such a powerful inducer of development. As 
support to this the aldehyde seems to be present in both the barley intra- and the epicuticular 
wax layer, a surface „with hydrophobicity as its most important physiochemical property‟ 
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(Zabka et al., 2008). If correct their results would also suggest that in this current study the 
aldehyde was not employed to its full effect. 
 
Zabka et al., (2008) note that with contact angles (induced by 1-hexacosanal) of less than 80°, 
after 24 hour incubation, there was a reduction in germination to only 34 % (whilst contact 
angles higher than 80° led to approximately 75 % germination), being similar to control 
slides. In this experiment a germination rate of 38 % after 16 hours incubation was seen, 
similar to the prediction of Zabka et al., although this may have increased somewhat with an 
equivalent incubation time. However, the results presented in this study seem to contradict 
the statement of Zabka et al., in the regard that „at contact angles smaller than 80° neither 
germination nor app formation is stimulated by hexacosanal‟. At 4 h.p.i. germination was 
significantly different to that seen on cleaned glass slides (although not by 16 h.p.i.) and 
furthermore significant appressorial induction was also seen to be induced at 16 h.p.i.     
 
As with the application of 1-hexacosanal, the addition of 16-hydroxyhexadecanoic acid did 
not alter the hydrophobicity of the glass slides significantly. This monomer may not be 
present in the epicuticular wax layer, primarily residing within the cuticle itself Bargel et al., 
(2006). Combined with its naturally low presence within the host, the signal it provides may 
just depend on its chemical structure, rather than any hydrophobic properties, and its potential 
for uptake by the developing germling. If so this would also support Nielsen et al., (2000) 
who suggested that both the conidium and the PGT may uptake low molecular weight anionic 
compounds, similar to cutin monomers. This lack of hydrophobicity, yet also the ability to 
increase the formation of primary and secondary germ tubes, would add evidence to the 
observations of Wright et al., (2000) who argued PGT surface targeting had both a non-
specific and a specific nature to it, the latter being based on host specific signals that refined 
targeting.  
 
In comparison to plant surfaces, the presentation of a hydrophilic surface, such as the very 
hydrophilic nature of the un-cleaned glass, and the hydrophilic gelbond, may lead to 
incomplete or aberrant development. Such hydrophilicity could explain the large number of 
spores with more than two germ tubes. Previous authors such as Carver et al., (1999) and 
Nielsen et al. (2000) have noticed reduced surface contact of germ tubes on substrata which 
are less hydrophobic than others. This reduced contact would lead to turn would lead to 
further germ tube emergence as the fungus attempts to detect the surface.   




The cleaned glass used in this study was approximately 10° more hydrophilic than slides used 
in a study, released after the cessation of experimentation of this work, by Zabka et al., 
(2008). That study also featured observations of Blumeria development at different 
hydrophobicities.  Interestingly, germination rates were nearly identical even though that 
study had a longer incubation time of 24 hours. From these results it could be speculated that 
that there is a set limit of germination (and later stages of development) based solely on levels 
of hydrophobicity. Zabka et al., demonstrated that very high levels of hydrophobicity (94° 
and 111°) on variants of the tetrafluroethylene copolymer surfaces could stimulate 59 % and 
66 % germination respectively (with greater appressorial differentiation). Although the 
probability of the fungus gaining other signals from these surfaces is unknown, future work 
could focus on the use of glass slides with varying degrees of silanization (to create a gradient 
of hydrophobicity) to see if this germination rate increases linearly or is in discrete steps, 
which although unlikely may suggest alternate gene regulation systems activating. 
Furthermore, as noted by Zabka et al., (2008) themselves, testing of artificial surfaces 
providing contact angles greater than 111° would be useful to see just how close germination 
rates get to matching that seen on the host surfaces. This would then determine how much 
reliance the germinating spores put on the chemical characteristics of stimuli rather than 
physical characteristics.  
 
To recap, this experiment suggested all glass slides, whether treated with combinations of 
stimuli or with individual components, did not seem to present increased hydrophobicity to 
the fungus. In comparison plant surfaces, and to a degree the hydrophobic side of gelbond, 
offered the additional stimuli of increased hydrophobicity. 
 
4.5.5: Effect of stimuli on gene differentially expressed at 4 h.p.i. 
Previous studies had shown that different stimuli in the form of cuticle components or 
surfaces presenting different levels of hydrophobicity could induce varying levels of 
morphological development (for example Figure 4-8 and Figure 4-9). This development will 
be the result of alterations of gene expression. As such these previous studies have 
highlighted the surface-dependent nature of gene regulation in barley powdery mildew. At 
this stage the signal transduction pathways that lead to these alternate levels of expression are 
not well understood. As a result this study (Table 4) aimed to determine what affect these 
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signals may have had on expression of specific genes seen to be differentially expressed at 4 
h.p.i. It was hoped that growth on surfaces with specific hydrophobicity or biological stimuli 
will then cause a recognisable governance of expression. Ideally, this stimulation would then 
lead genes to mimic expression levels commonly associated with germination on barley and 
define specific regulatory signals.  
 
To recap, by 4 h.p.i. during development on barley and wheat, a primary germ tube will have 
emerged (sensed the underlying surface) and in many cases a secondary germ tube, which 
will go on to become an appressorial germ tube, will begin to emerge (Figure 3-3, Figure 
3-4, Figure 4-8). On glass (specifically non-cleaned, non-treated glass) at this time point the 
majority of spores, if they have germinated will have formed primary germ tubes, and in 
some cases a second germ tube. Often these germ tubes fail to contact the surface and sense 
inducing compounds. They therefore fail to develop appressorial characteristics and remain 
similar in appearance to the primary germ tube, resulting in the spore to attempt further germ 
tube formation. A similar statement could be made about growth on hydrophobic and 
hydrophilic gelbond. All of these surfaces would provide mechano-sensory input on spore 
landing. However differences exist including levels of hydrophobicity and the presence (or 
lack) of cuticle located compounds.  
 
In this investigation out of the 18 genes assessed, 8 had functions which were not initially 
identifiable (two genes had their functions identified during the course of this investigation).  
Of the 12 with identifiable functions, their identity/roles included encoding 1,3-ß glucanases 
(potentially involved in cell wall modification/development; Kim et al., 2001), H3 histones 
(used in nucleic acid structure; Graessle et al., 2001), an α-1,6-mannosyltransferase (involved 
in modifying cell wall proteins; Bates et al., 2006), an adenosylhomocysteinase (involved in 
amino acid metabolism), membrane-localised transporters, a catalytic sub-unit for protein 
kinase A, a mitochondrial glycerol-3-phosphate dehydrogenase (an important component of 
carbohydrate and lipid metabolic processes), a glycolsyltransferase possibly involved in 
protein regulation, a MAPK interacting protein (potentially involved in morphological 
development, Szeto et al., 2007), and a protein disulphide isomerase (involved in protein 
folding in the endoplasmic reticulum). 
 
According to previous microarray studies, it is apparentfor the majority of genes analysed 
(which had a known identity/function), that at 4 h.p.i. expression levels were higher during 
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germination on plant surfaces than observed during development on glass. These included 
genes involved in cell wall modification, proteins with roles related to oxidative 
phosphorylation, proteins with similarities to transporters, proteins involved in cAMP 
signalling and enzymes required to aid protein folding. For those genes of unknown function, 
3 had raised expression during development on plant surfaces. Both RT-qPCR and 
microarray analysis do not account for post-translational processing of mRNA and so how 
much protein is actually activated, and when, remains unknown. However, as these genes are 
clearly more active on surfaces where development may reach its most complex state, it 
suggests the spores are preparing not just for appressorial formation, but appressorial 
maturation and beyond. Such development requires conidial wall modification, as well as 
preparing for the formation of a separate nucleus in the second, septate germ tube. This 
second tube needs to become robust as, during maturation, it will undergo large osmotic 
stresses during penetration. Hall and Gurr (2000) observed that cAMP-dependent PKA 
signalling was required for the initial development of this germ tube and so enhanced 
expression is seen on surfaces where an appressorial germ tube is more likely to emerge. 
 
It is notable that in many cases, for example as seen in the expression of EST C00148 
(Figure 4-13), that expression of genes in wheat (as assessed by microarray analysis) 
although similar to that seen induced by barley, is not identical. This supports the 
morphological observations that suggest that wheat, although inducing many of the pre-
penetration stages of Bgh development that barley induces, does so at lower levels. This 
lesser induction may be due to an imperfect stimulation of the genes controlling development. 
With the most notable developmental difference between these two surfaces being 
penetration and haustorial formation, at approximately 16 h.p.i. it would be at this time that 
differences would become more pronounced; for example as seen in the expression profile of 
the CMEG related to D01260 (encoding an adenosylhomocysteinase). With hydrophobicity 
of primary leaf surfaces being statistically equal, it would suggest that this differential 
expression may be based on the imperfect chemical stimulus rather than a physiochemical 
property. Furthermore this imperfect induction would suggest gene expression, at least for 
many of the genes assessed in this study, may respond in a “quantitative/additive fashion” 
rather than simply “on/off”. This may mean that the simple presentation of any amount of one 
signal is not enough to cause expression to match that at 4 h.p.i. on the host. Rather, in the 
case of genes, for example in the case of EST D00972 (Figure 4-20), it is a certain amount of 
stimulus or a combination of separate stimuli which must be met before expression levels 
Germination on Modified Surfaces 
149 
 
mimic the host. Consequently interpreting the contributions of signals to gene regulation may 
be difficult, especially if their contribution is minor. 
 
Previous microarray data suggested in the case of untreated glass, that 2 of these 
differentially expressed genes of known function (encoding an α-1,6-mannosyltransferase 
and an adenosylhomocysteinase), showed lower expression in germlings on the host (and 
wheat) than on glass. The first is involved transferring an α-D-mannosyl residue to lipid-
linked oligosaccharides found in cell surface mannoproteins (in fungi such as Candida 
albicans, Bates et al., 2006), whilst the second is involved in converting S-
adenosylhomocysteine to homocysteine, an amino acid. Additionally, of the genes of 
unknown function 3 were up-regulated on the glass surface. These may be an indicator of 
spores trying to re-synthesise key products of the ECM, known to be released in greater 
quantity on artificial surfaces (Zhang et al., 2005), whilst also “re-enforcing” the interface 
between the conidial wall and the surface in order to ensure adhesion to a very hydrophilic 
surface and, possibly, sensing. Also they may indicate re-synthesising of proteins required for 
new, hopefully successful, germ tube emergence. The lack of induction of other genes would 
suggest that their functions are either not required at this time during development, or that 
enzyme/protein stores present in conidia at this time are sufficient to deal with requirements 
at this developmental stage. 
 
However, when RT-qPCR data collected during this study was analysed to discern significant 
differences, multiple returns (although suggesting visual trends) showed no significant 
difference in expression from that encountered during development on either barley or non-
treated glass slides (of the type used in previous microarray work). This was very problematic 
as discerning the effects of the incubation regimes with any statistical rigour became very 
difficult. 
 
Three ESTs (ESTs D00944, C0009, C01417, Figure 4-21, Figure 4-24, Figure 4-27 
respectively) did provide returns resembling microarray data. Analysis of EST D00994 
(Figure 4-21) suggested that barley induced significantly more expression of this gene than 
the non-cleaned glass. All other surfaces induced similar activity on both the plant and glass 
surfaces. This may suggest that this gene is downstream of a convergence point in the 
signalling pathways. Therefore multiple different signals (possibly based on hydrophobicity 
and cuticle products) may lead to its activation. Although not statistically proven, visual 
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trends suggest that this gene is not necessarily stimulated by the aldehyde 1-hexacosanal, but 
more by the presence of the cutin monomer (since it appeared expression on cutin monomer 
treated sldies was higher than that seen on slides treated with the aldehyde). If this is the case, 
it may explain why the expression in spores developing on the aldehyde treated slides was 
less (but not significantly so) than seen in spores developing on barley (where cutin 
monomers are at their optimum concentration for induction). As for a function for this gene 
product, a 330 amino acid protein predicted to weigh 38.19 kilodaltons, no homologous 
proteins or specific motifs (only a signal peptide implying translocation or potential 
secretion) could be detected. Further work, in the form of gene disruption (discussed with 
alternatives in later chapters) or proteomics experiments including overexpression of this 
gene product in bacteria and structural analysis would be needed to determine the potential 
role of this protein in Bgh development.  
 
RT-qPCR data for EST C00009 (Figure 4-24) suggested that rather than being regulated by 
hydrophobicity (where both barley and wheat appear identical), the gene is instead 
responding to chemical stimuli. The fact that wheat-based development shows reduced 
expression may suggest that some form of wheat defence is leading to ,gene repression or that 
part of the wheat cuticle is responsible. The suggestion that 1-hexacosanal may lead to a 
similar reduction implies aldehydes in the epicuticular wax may be involved, although the 
higher expression in barley (where 1-hexacosanal is also present) could suggest some 
compound is lifting that repression during development on the host. The host-like induction 
shown during germling development on non-clean and cleaned glass, as well as both sides of 
gelbond, do hinder this interpretation since no barley derived compounds exist on these 
surfaces. As such, further work in the form of slides treated with a greater range of stimuli 
(possibly derived from the wheat cuticle) needs to be performed to elucidate this result. 
Furthermore, this level of host-like induction seen on artificial surfaces also calls into 
question the validity of the reference gene chosen for this work (discussed below).  
 
BlastP analysis suggested the gene product showed similarity to a MAPK interacting protein 
(Szeto et al., 2007), and contained a transmembrane region and a signal peptide implying that 
it may be membrane bound. Consequently, it is tempting to speculate that this protein has 
some role in the Bgh outer membrane, where it interacts with the MAPK signalling pathway. 
Components of the MAPK signalling pathway may assemble into complexes which are co-
ordinated by regulatory proteins such as scaffold proteins (Whitmarsh, 2006). It may be that 
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this protein helps regulate the activity and behaviour of a MAPK pathway in some fashion by 
helping subcellular localisation or by transducing signals from stimuli receptors. However, 
what exactly that MAPK pathway could be controlling, and what the protein interacts with, is 
unknown at this time. Nonetheless as noted in the introduction to this thesis, Kinane and 
Oliver (2003) suggest that the MAPK pathway may have a role in AGT elongation (and APP 
formation) based on the observation that MAPK activity (as determined by phosphorylation 
assay) rose to a maximum prior to AGT and APP formation (between 2 and 8 h.p.i.). Notably 
the microarray data suggest that a maximum in EST C00009 expression is seen at 4 h.p.i., the 
time when MAPK activity would be at its highest, and hence when the need for regulatory 
proteins would also be high. A yeast 2-hybrid screen utilising the products of, for instance, 
the Bgh mpk1 and mpk2 MAPK genes (mentioned in section 1.2.5) could be carried out to 
see if proteins directly interacted with the gene product of EST C00009. If the traditional 
yeast two hybrid screen is not an option, due to the potential for this interacting protein being 
membrane bound, a split-ubiquitin yeast two-hybrid analysis may be considered (Stagljar et 
al., 1998). From this first step consecutive experiments could aim to investigate the 
interacting partners of those proteins that were isolated and delineate the regulatory role of 
the protein in Bgh development. 
 
It would be interesting to see where the RNA transcript was localised during development 
(for example near the site of germ tube emergence or in the developing germ tube). This 
would go further in confirming the role of this interacting protein in germ tube development. 
In their study of the Le.DRMIP MAPK interacting protein in Lentinula edodes, Szeto et al., 
(2007) used RNA-RNA in situ hybridisation (via ultra-thin cryosectioning and antisense 
probes) to localise the transcript within different developmental stages of the fungus. 
Although the author knows of no similar attempt in Bgh, it is possible the fixation process 
could be adapted for the Bgh germling and prove useful not just for the localisation of this 
transcript but others.   
 
In the last of the ESTs where differences between the host and glass-based development was 
provable (EST clone C01417, Figure 4-27), all artificial surfaces induced significantly lower 
expression than barley (although wheat did not). Furthermore, in the case of untreated glass 
slides (either pre-cleaned or not) and those treated with cuticular extract expression was 
significantly less than that stimulated by wheat. In conclusion it would seem in the case of 
this EST treatments either chemical or physiochemical in nature failed to lead to host-like 
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expression on artificial surfaces. Additionally the hydrophobic side of gelbond was also 
significantly different from barley. Although some form of inhibitor present may be biasing 
results, it is also possible that hydrophobicity is not a cue for the stimulation of this gene. 
Furthermore the lack of stimulation by both extract and aldehyde (and potentially cutin 
monomer) suggested there is some unknown stimulus (maybe a primary or secondary 
metabolite) or C18 cutin monomer present in the living cuticle that is stimulating growth. 
Although no catalytic domains of known function could be identified within this protein a 
potential signal peptide as well as a transmembrane region were. Together these 
characteristics could suggest that the protein was membrane-associated (and potentially 
secreted). Unlike other genes of unknown function analysed within this thesis, homologous 
proteins within other organisms were discovered. In particular two appressoria forming 
organisms contain proteins that clustered with this Bgh protein during neighbour joining 
phylogeny analysis were Colletotrichum graminicola and Magnaporthe oryzae (Sexton et al., 
2006). These fungi are relatively easy (when compared to an obligate biotroph such as Bgh) 
to store, transform and perform gene disruption within (Munch et al., 2011, and see later 
within this thesis). Furthermore the C. graminicola strain M1.001 has had its genome 
sequenced, as has M. oryzae. 
(http://www.broadinstitute.org/annotation/genome/colletotrichum_group/MultiHome.html; 
date accessed: 25/3/2011). Together these fungi provide an avenue for future work aimed at 
ascertaining what function this Bgh protein may have during the early developmental cycle. 
Ideally experiments would firstly focus on the disruption of the homologous gene within 
either of these organisms. The resultant phenotype could be ascertained potentially giving a 
clue as to this proteins role during infection. Following successful disruption, attempts could 
then be made to complement these mutants with the homologous protein from Bgh. 
Hopefully a wild-type phenotype would be restored. If so these organisms would then be 
suitable for over-expression studies or in situ localisation studies that would offer further 
clues to its role and other proteins it interacts with. 
 
Several ESTs provided RT-qPCR data that suggested differences between mRNA abundance 
on surfaces other than barley, wheat and non-cleaned glass. These included EST D00189, 
C00606, D00658, D00881 and C00482 (Figure 4-14, Figure 4-17, Figure 4-19, Figure 
4-22, Figure 4-25 respectively). The gene relating to EST D00189 suggested a significantly 
higher gene expression on chromic acid treated glass slides in comparison to that of spores 
developing on cleaned slides treated with the aldehyde 1-hexacosanal. Similarly, there was a 
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significant difference between gene expression from spores developing on aldehyde-treated 
slides and hydrophilic gelbond (where a higher level of expression was encountered). In 
addition to this, higher gene expression (albeit not significantly higher) was obtained in 
spores germinating on the hydrophobic side of gelbond compared to slides treated with the 
aldehyde. Since both the treated and cleaned glass slides do not differ significantly in 
hydrophobicity these results suggest that the presence of the aldehyde is the cause of this 
differential expression (rather than hydrophobicity). Such a conclusion is supported by the 
behaviour of spores on the hydrophobic side of gelbond. This side is significantly greater in 
hydrophobicity than either the cleaned slides or its hydrophilic counterpart and yet spores 
developing on this surface do not differ in expression from either.  Visual trends suggested 
higher expression on cleaned slides and the hydrophilic gelbond surface when compared to 
barley and wheat (although this was not statistically proven). Both plant surfaces have a 
higher hydrophobicity than all other surfaces as well as acting as a source of cutin monomers 
and epicuticular waxes. So again it is possible that the aldehyde causes repression. Although 
indicating this gene exists as a single copy within the genome bioinformatic analysis failed to 
reveal any information regarding function, either directly through the analysis of the 
predicted protein sequence with motif-specific algorithms (InterProScan) or by comparison 
with known proteins from other organisms. In many cases of unknown gene function 
disruption followed by phenotypic analysis and complementation would be the obvious 
choice for analysis. However a lack of organisms with similar homology, combined with the 
obligacy of Bgh means that transformation is not possible, and a different approach must be 
undertaken. As mentioned previously a yeast-hybrid screen where this protein acts as a bait 
for detecting interactors may be the way forward. 
 
EST C00606 (Figure 4-17) shows significantly lower expression during development on 
wheat than it does on non-cleaned glass. This matches trends suggested by the microarray 
data. With higher resolution a similar difference between the glass and barley may have been 
confirmed. Visible trends suggest that slides treated with cutin monomers and the cuticle 
extract have a lower expression than other surfaces suggesting, although needing further 
work to confirm, that cutin monomers may be the cause of this lower expression. As with 
EST D00189 this single copy gene encodes a protein whose function was not discernable 
using bioinformatic analysis. As such no obvious situation can be created that links this gene 
product to Bgh development.  
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The expression of the product of EST D00881 (a glycosyltransferase with similarities to an α-
1,6-mannosyltransferase, Figure 4-22) suggests that during development on wheat lower 
expression is encountered than seen on cleaned glass and both sides of gelbond. Visual 
trends, furthermore, suggest that slides treated with extract, aldehyde and cutin monomer may 
also lead to reduced expression (as seen on barley in the microarray analysis data and as 
hinted at visually in the data collected during these experiments). That may suggest this gene 
is downstream from independent receptors that sense aldehydes and cutin monomers, which 
lead to its reduced expression. In silico analysis using InterProScan combined with the 
discovery of homologous proteins from other species annotated as α-1,6-
mannosyltransferases adds further evidence to this gene product being involved in protein 
glycosylation (and hence control). As noted earlier some authors (e.g. Bates et al., 2006) have 
suggested a role for α-1,6-mannosyltransferases in modifying cell wall proteins. The potential 
presence of both a transmembrane region and a signal peptide would suggest that this protein 
localises to the outer membrane, and may indeed have such a role in cell wall protein 
modification. This would need confirming experimentally for example by localisation 
analysis using fluorescent tags in transformable organisms with homologous proteins (for 
example M. oryzae). The microarray data suggests higher expression on glass than wheat 
surfaces (with increasing expression as the incubation time increases, Figure 4-22). Focusing 
on the RT-qPCR data gathered during this project it could be envisaged that this protein (by 
being reduced in expression on the wheat, and with a suggestive reduction on other plant 
surfaces) is no longer exerting control on other proteins. From this two scenarios could be 
envisaged. Firstly, when present on surfaces exhibiting no host-like stimuli, this product 
activates other proteins that allow the further breakdown of internal stores in the spore to 
promote growth of, for example, a primary germ tube. Alternatively, it no longer activates 
proteins required for the very early stages of development (for example primary germ tube 
specific ECM production) since later stages of development are now underway.  
   
The expression of EST C00482 (Figure 4-25) although not showing differences between 
barley and non-cleaned glass, showed a significant reduction of expression on slides treated 
with 16-hydroxyhexadecanoic acid. Similarly the cuticle extract treated slides seemed to 
show a slight depression, although not significant. This would suggest that 16-
hydroxyhexadecanoic acid by itself leads to the repression of this gene which may only be 
lifted by the presence of other stimuli such as aldehydes or increased hydrophobicity. This 
data does not match the microarray data where higher expression is seen in spores developing 
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on barley and wheat compared to that of glass. Blasting the protein sequence against known 
sequences present within the NCBI database indentified an identical Bgh protein, previously 
annotated (in 2000) as a exo-β-1,3-glucanase or a β-1,3-glucosidase, as well as showing high 
homology to proteins from other organisms including exo-1,3-beta-glucanses and members 
of glycoside hydrolase families. This direct match to the previously identified Bgh protein is 
slightly at odds with the results suggested by this more recent, but admittedly more cursory, 
bioinformatic analysis that suggested it contained a motif identified as a cellulase. Cellulose 
is a β-1,4-glucan, as is cellobiose another β-1,4-glucan, meaning this Bgh protein is possibly 
better termed a β-1,4-glucanase. β-glucanases aid in the metabolism of β-glucan (polymers 
consisting of glucose subunits). Exo-hydrolases catalyze the hydrolysis of the glucan chain 
by cleaving subunits from the non-reducing end of the polymer, leading to the release of 
glucose (Martin et al., 2007). Cellulose is one of the main constituents of the plant cell wall 
(although barley also contains β-1,3-1,6-glucans, Martin et al., 2007 and studies therein). 
Additionally, the resultant breakdown product may also act as a nutrient source for 
developing fungi (Zhou et al., 2008). Even if this enzyme turned out not to be a β-1,4-
glucanase, but a β-1,3-glucanase, it may still have roles in degrading the barley cell wall. 
Alternatively this enzyme may be used to modify the Bgh cell wall in preparation for germ 
tube emergence or elongation. 
 
Inspection of the microarray data suggests maximum expression occurs at 8 h.p.i. when 
appressoria form and penetration is underway. Therefore as other authors have suggested 
(e.g. Pryce Jones et al., 1999 who utilized immunolocalisation studies and suggested 
cellulases may be released from the primary and appressorial germ tubes), enzymes such as 
cellulases may be involved in this penetration, alongside mechanical force. Why expression 
of such an enzyme would be inhibited by the presence of cutin monomers, is a mystery 
although it could reveal some form of negative feedback whereby the spore senses when 
cuticle degradation is sufficient for penetration and ceases production of costly and 
unnecessary protein production. Interestingly no motif was identified as a signal peptide so 
further work would be needed to be sure this protein was secreted or associated with the cell 
wall. Future work could focus on attempts to use immunolocalisation to detect the presence 
of this enzyme around the tip of the appressorial germ tube which would prove if this protein 
is secreted or not. Additionally, sequence data by itself is not sufficient proof that the gene 
encodes an enzymatically active gene product (Phalip et al, 2009). Attempts must be made to 
express such a gene in other recipient organisms, for example Saccharomyces cerevisiae or 
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the filamentous fungus Aspergillus oryzae (used in studies by Esteban et al., 1999 and Ooi et 
al., 2009 respectively). Such an action allows overexpression, purification from culture 
filtrates (if secreted) and analysis of enzymatic activity (for example incubation with different 
glucan substrates) (Ooi et al., 2009). The homology analysis suggested that a glucan 1,3-β-
glucosidase of Sclerotinia sclerotiorum clusters closely with the Bgh protein. As this fungus 
is amenable to transformation then future experiments focusing on this enzyme could aim to 
complement cellulase mutants in S. sclerotiorum. Caution would have to be applied to any 
results gathered however as S. sclerotiorum is a necrotroph unlike Bgh meaning statements 
regarding the cellulases role in the Bgh lifecycle would have to be tempered (Hegedus et al., 
2003).  
 
Analysis of D00658 (Figure 4-19) demonstrated there was significantly higher expression of 
this gene in spores developing on hydrophilic gelbond compared to slides treated with 
cuticular extract. Variations amongst expression on other surfaces failed to reveal any other 
significant changes in expression (although visually higher expression was suggested in 
spores developing on barley compared to untreated glass). Since both the slides treated with 
cuticle extract and hydrophilic gelbond do not differ in hydrophobicity some compound 
found within the cuticular extract maybe leading to a repression in expression. The 
microarray data suggests an increase in expression on plant surfaces at 4 h.p.i. compared to 
glass surfaces. Analysis of the protein sequence using InterproScan suggested that the protein 
was a glycosyltransferase and part of a nucleotide diphosphase sugar transferase superfamily. 
As noted by Maeda et al., (2008), glycosylation is necessary for correct protein folding, 
sorting and function. Some of the glycosylation process (where monosaccharides are 
transferred onto proteins by glycosyltransferases) takes place in the endoplasmic reticulum 
and two types of sugar donor may be involved (Maeda et al., 2008). These donors include 
lipid-linked sugars and, potentially more relevant for this gene, nucleotide-linked sugars. As 
such this gene product may catalyze the transfer of the glycosyl moiety from an activated 
nucleotide-diphospho-sugar donor to an acceptor (Charnock and Davies, 1999). Alternatively 
the clustering of this Bgh protein with a homologous protein from S. sclerotiorum (identified 
as a mannose phospho-dolichol synthase, potentially involved in the synthesis of dolichol-
phospahte mannose) may suggest a potential role for the Bgh protein in lipid-linked sugar 
donor molecule synthesis (Maeda et al., 2008). Its up regulation at 4 h.p.i on plant surfaces 
indicates an important role in aiding protein folding and function during growth these 
surfaces and hints at the mobilisation of proteins necessary for the morphological changes 
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observed during the pre-penetration stages of Bgh development. The lack of similar 
expression on glass (as seen in the microarray analysis, Figure 4-19) suggests its 
upregulation is only necessary for the more advanced stages of development for example the 
formation of the appressorial germ tube and that this gene must inevitably be downstream of 
receptors or signalling pathways that integrate the signals received by the developing spore. 
 
Unlike the other genes featured within this study, nucleotide blast analysis suggested more 
than one copy of this gene within the Bgh genome (and hence the existence of a paralogous 
family based on gene multiplication). However analysis of the predicted protein sequences 
illustrated a very high homology (99% to 100% identity). Although protein sequences were 
not complete with N and C terminal deletions (possibly due to sequencing error combined 
with incorrect gene model annotation) this high level of similarity suggests two scenarios. 
Firstly, these sequences (either all or some) are actually derived from the same gene, and that 
because the blast search was run using the current genome assembly (version 3: Contigs) the 
search is detecting a gene from overlapping contigs (i.e. false positives). This interpretation 
may be supported by the knowledge that 63% of the Bgh genome is believed to be 
transposable elements (Spanu et al., 2010). These elements may contribute to keeping gene 
numbers low – except for those believed to be essential for biotrophy (Spanu et al., 2010). 
The second scenario focuses on this last point. Although gene numbers are low for a genome 
of this size (5845 annotated genes for a genome size of 120 Mb), paralogs of genes are not 
unknown with large numbers of copies (greater than 1350) known for atypical avirulence 
genes (Spanu et al., 2010). Consequently if this gene number did exist then it would highlight 
a gene with a key, if not essential, role in Bgh parasitism. It should therefore be a gene of 
interest for future work. When genome annotation is complete (and the genome is fully 
assembled) it would be useful to run the nucleotide blast scan again to determine which of 
these scenarios is true. Also annotation will reach a stage where it will be possible to find 
homologues of proteins by directly searching with the known protein sequences. This may be 
more useful as a method of determining homology as the protein is the functional unit of 
action, not the gene. 
 
As a short aside the studies presented herein used un-rooted neighbour joining tree analysis as 
an indicator of species distribution and homology. This method reconstructs a phylogentic 
tree from evolutionary distance data and was considered by its originators to be more 
efficient than other methods, for example the standard maximum-parsimony algorithm, that 
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produce single parsimonious trees (Saito and Nei, 1987). It is computationally quick but does 
assume phylogentic divergence is mirrored by sequence divergence. As a consequence if 
sequences are poorly aligned then tree topologies are affected. 
(ftp://statgen.ncsu.edu/pub/thorne/molevoclass/Oct5Atchley756.pdf; date accessed 
24/3/2011).  It has been used in other studies for example Zhou et al., (2008) as a form of 
basic form of phylogenetic analysis. In this study it was primarily used as a method for 
identifying species with proteins showing greatest homology to the Bgh gene product and 
also for suggesting alternate hosts for future functional genomic studies. For these purposes it 
appears to be useful as with the majority of genes tested closely related species (for example 
members of the Sclerotiniaceae, a sister family to the Erysiphaceae that contains barley 
powdery mildew) were more closely clustered than species that belong to more diverse 
phylogenetic groups. If the studied proteins had homologs within other fungal species (and in 
some cases members of the animalia) these included fungi that are considered biotrophs, 
necrotrophs or hemibiotrophs. In some cases however no homologs could be identified, 
although it is to be envisaged that as genome sequencing of fungi continues these cases 
would decrease. Of course the gene set analysed was just a very small fraction of the gene 
number identified so far in Bgh (5845, Spanu et al., 2010) so no conclusions can be 
accurately made from this fact. However to build on a theme presented by Yoder and 
Turgeon (2001) it could be specualted that a biotroph may contain genes that are commonly 
found in non-obligate biotrophs and necrotrophs, as well as having genes that are more 
specific for its own lifecycle. The genes that did not have homologs within other organisms 
may therefore become a point of focus for future work as they would be prime candidates for 
Bgh pathogenicity/lifestyle “enablers”.    
 
Even though these experiments have allowed some conclusions to be drawn there were 
several drawbacks to the experimentation used in this section of the thesis. As noted earlier 
many of these conclusions were hampered by a lack of RT-qPCR resolution (as shown by 
large the variation seen within the samples). Potential reasons for this include spore samples 
themselves showing intrinsic variation in RNA levels and the coating of slides was manually 
performed (by droplet evaporation/spreading). This meant, that although unintended, a non-
uniform substrate layer could have been presented to the fungus leading to a variation in 
expression. Furthermore, although experiments were performed during the same time period 
it was physically impossible to spore inoculate the surfaces simultaneously. Therefore, 
although two week old plants (with 7 to 10-day-old infections) were blown 12 hours 
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preceding inoculation, some form of colony aging may have led to spores of varying fitness. 
If future work features a repeat of this study, attempts should be made to nullify both of these 
points. These should include moving to the spray application of slides (if logistics permit), 
the use of more uniform ages of colony and the employment of higher replication to increase 
resolution.  
 
Another reason relates to the original collection of samples during the microarray studies 
(Both, 2005; Both et al., 2005). In these two studies spores were sprinkled onto glass slides in 
a plastic (non airtight) tray and incubated without an additional source of moisture. In the 
growth chambers used in both studies humidity reaches approximately 37 % at 25 °C. This 
lack of humidity often lends itself to spore desiccation, although spores are rich in water 
themselves (Glawe, 2008). By 16 h.p.i., many spores are no longer full and intact, often 
appearing shrivelled with only the hardiest appearing to survive. Although this thesis focused 
on gene expression at 4 h.p.i. it is possible that even at such an early time period spores 
assessed by Both et al., were beginning to experience osmotic stress, combined with the 
stress inherent with germinating on a surface other than the host. This stress may have led to 
differential gene expression (in the two original studies of 2005) that is not seen, or at least 
not as emphasised, in cases where high levels of humidity are maintained (as attempted in 
this current investigation). Such a maintenance of humidity may therefore nullify some of the 
expression differences visible during germination on the host and on glass.  
 
Combined with this potential reduction in difference, the analytical/normalisation reference is 
also different between the 2005 studies and this current study. In the microarray work the 
reference was based on a combined RNA sample taken from all developmental stages at all 
time points for all samples. In this experiment, the reference was not as comprehensive being 
based solely on the activity of the NADH-ubiquinone oxidoreductase. This gene was selected 
from the microarray study for its relatively homogenous expression across all surfaces at all 
the studied time points. However, although one of the better members of its class, spikes and 
deviations are still visible (Appendix C: 9.9). Also its behaviour on glass, although detected 
as statistically similar, appears to show a visible increase in expression as time increases 
during development. Therefore, this gene does not offer the same degree of uniform 
homogeneity as seen with the universal reference from the microarray studies and may lead 
to complications when trying to compare expression from different surfaces. A prime 
example of this is the response of EST C00009 (Figure 4-24), where tests detected 
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differences between expression in spores germinating on barley and wheat (as suggested by 
the microarray) but not on glass.  
 
4.5.6: Future work and conclusions 
In the studies of developmental behaviour displayed thus far (Figure 4-8, Figure 4-9), no 
distinction was made to the use of either side of the leaves of both barley and wheat. In the 
case of the barley leaf, Zabka et al., (2008) noted that the intra and epicuticular waxes of the 
adaxial and abaxial side of secondary leaves showed no qualitative or quantitative 
differences. Furthermore hydrophobicity appears identical for both sides of the leaves 
concerned. This would suggest that germination behaviour would be the same on both sides 
of the leaf. However, a study by Russell et al., (1975) suggested there is a behavioural 
difference with slightly higher germination being seen on the adaxial leaf surface of primary 
leaves (specifically towards the leaf base). This would suggest either some form of structural 
difference of the leaf itself or the microclimate found in that region of the plant. Although 
attempts were made to confirm this, data not shown, further work needs to be carried out in 
this regard. Also it should be combined with studies determining whether cutin monomers 
differ between either side of the leaf. For wheat, if it is to be used as an extra source of 
discernment regarding alternate gene expression then efforts should be made to ascertain both 
the germination behaviour and make-up of both sides of the leaf. Other future work could 
include „data-mining‟ the recently annotated Bgh genomic sequence for transmembrane 
receptors and signal transduction pathway components. By comparing those found to those in 
other fungi it may be possible to build a better picture regarding the sensing of surface stimuli 
and how exactly these lead to the regulation of gene expression. 
 
To conclude, in this chapter it was demonstrated that processes leading to varying levels of 
germination and development are stimulated by surfaces which provide chemical or physical 
signals, yet with frequencies differing to that of the host but also wheat (a close relative). 
Furthermore, although inconclusive, results suggest that gene expression, as stimulated by 
surface-based signals is not an “on/off” affair but appears cumulative in nature. Several 
signals of different types may be required for full expression as seen on the host. Examples 
may include a gene linked to EST D00944, where all surfaces bar untreated glass slides 
provided some level of induction. Additionally several of these genes were shown to encode 
products with identifiable function which included those with potentially important roles in 
Germination on Modified Surfaces 
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key eukaryotic processes such as protein modification and signalling. The functions of others 
could not be identified suggesting the presence of „Orphans‟ (open reading frames of 
unknown function). This study also showed that the majority of the genes analysed with 
bioinformatic methods appeared as single copy genes within the genome. Also when 
homology to proteins of other organisms was demonstrated it appeared that homology was 
not limited to organisms of either the same taxon or obligate biotrophs as non-obligate 
biotrophs, necrotrophs and hemibiotrophs were detected. 
 
Why does Bgh rely on host signals to regulate the induction of genes? Due to evolutionary 
fitness a pathogen may not have lost entire metabolic pathways (the favoured “auxotrophy 
principle”) but only the dependency to regulate or initiate the pathways (Spanu, 2006). This 
initiation (or rather multiple initiation events at set stages) would then depend on the host 
derived signals for activation at set times. This would explain the creation of the different 
development states on glass or cellulose that are precursors to the final pre-penetration state, 
the appressorium, and why attainment of that state is rare. To support this argument a non-
obligate pathogen such as Magnaporthe oryzae may not have such regimented requirements, 
as demonstrated by its ability to form appressoria on multiple hard surfaces with the minimal 
of input. 
 
In this first half of this thesis, morphological observations were made regarding development 
on different surfaces. Attempts were made to discern the signals that were governing the 
expression of genes known to show alternate expression on substrates other than the host. In 
the second half of this thesis, attempts to make Bgh amenable to genetic manipulation and 
attempts to utilise Magnaporthe oryzae as a heterologous host for the future analysis of 




Chapter 5: Towards the Agrobacterium-mediated 
Transformation of Blumeria graminis f. sp. hordei 
5.1: Introduction 
 
As more sequence data becomes available for plant pathogenic fungi, including barley 
powdery mildew, the requirement for processes that permit functional genomic analysis 
similarly increases. Transformation of fungi was reported by Mishra et al. (1973) and Mishra 





 by the incubation of them with wild type unfractionated DNA and 
calcium chloride (Mishra, 1991; Mach, 2004). At present a number of techniques exist which 
permit the transformation of fungi and enable subsequent analysis. Examples include the 
electroporation of protoplasts or their chemical treatment with calcium chloride and 
polyethylene glycol, the use of which was first reported in the filamentous fungi N. crassa by 
Case et al., (1979) and Aspergiullus nidulans by Tilburn et al., (1983) (de Groot et al., 1998; 
Covert et al., 2001). Drawbacks to these techniques include their time consuming nature and 
the difficulty of adaption to previously untransformed species (Covert et al., 2001). 
Alternatively, a relatively recent technique, in the form of Agrobacterium tumefaciens-
mediated transformation, has come to prominence. 
 
5.1.1: Agrobacterium tumefaciens  
 
Agrobacterium tumefaciens is a soil dwelling gram-negative bacterium which induces „crown 
galls‟ or tumours on plants, but is now better known as a tool of genetic engineering 
(Michielse et al., 2005; Weld et al., 2006; Dafny-Yelin et al., 2008). This bacterium contains 
the „Tumour Inducing‟ („Ti‟) plasmid, which houses a region termed the „T-DNA‟ 
(„Transferred DNA‟; Michielse et al., 2004). The „T-DNA‟ is incorporated into the genome 
of the target plant cell during the tumorigenesis process (de Groot et al., 1998). This transfer 
depends on another section of the Ti-plasmid, designated the „vir‟ region (Bundock et al., 
1995; Lee and Bostock, 2006).  
 
During tumorigensis the VirA gene product senses phenolic compounds, such as 




rest of the vir loci. The products of these genes (specifically VirD2 in conjunction with 
VirD1) cause the excision of a linear, single-stranded T-DNA segment (the „T-strand‟) via 
the nicking of border sequences (24 to 26 bp imperfect direct repeats) found either side of the 
T-DNA (de Groot et al., 1998; Michielse et al., 2004; Lee and Bostock, 2006). This process is 
enhanced by the action of the VirC protein binding to an enhancer sequence that lies adjacent 
to the right border (Toro et al., 1988). VirC may therefore affect host range (Bundock et al., 
1995). Subsequently, the VirD2 protein binds to the 5‟-end of the T-DNA (Bundock et al., 
1995). This protein, containing C-terminal domain nuclear localisation signals, mediates the 
transfer of the T-DNA into the nucleus of the target plant cell (Bundock et al., 1995). The „T-
strand‟ is transferred as a single stranded DNA molecule to the host cell via a type IV 
secretion system, the „T-Pilus‟ consisting of the virB operon and virD4 gene products 
(Bundock et al., 1995; Michielse et al., 2004; Michielse et al., 2005). Independently of this 
strand but still using the same secretion system other Vir proteins (VirE2, VirE3, VirF and 
VirD5) are also exported into the host cytoplasm. When the T-strand enters the cytoplasm it 
is coated in VirE2 proteins, which protects it from nucleases (Citovsky et al., 1989; Michielse 
et al., 2005). This mature T-complex now enters the nucleus via a nuclear pore with the help 
of both bacterial and host factors where it is integrated into the genome. For more 
information readers are referred to Gelvin (2010).  Although needing elucidation, this 
integration may involve the conversion of T-strands into double stranded intermediates. 
These intermediates are thought to anneal in „double stranded breaks‟ in the host genome by 
host repair mechanisms (Lacroix et al., 2006; Lee and Bostock, 2006; Citovsky et al., 2007). 
Host range may also be modified by the VirF and VirH proteins, although their precise 
function is unknown (Bundock et al., 1995).   
 
Advantageously, recent experiments have shown it is possible to have T-DNA transfer to 
other kingdoms apart from plants (Lacroix et al., 2006). Bundock et al., (1995) showed that 
transfer was possible to Saccharyomyces cerevisiae, whilst other studies suggested 
mycoparasites and filamentous fungi (e.g. Aspergillus awamori) from ascomycetes, 
basidiomycetes and zygomycetes could be transformed as well (Bundock et al., 1995; de 
Groot et al., 1998; Dunn-Coleman and Wang, 1998). For an extensive, if dated, list the reader 
is referred to Michielse et al., (2005).  
 
Importantly many of the Agrobacterium proteins required for transfer to plants are still 




Mutations in certain vir genes led to attenuated virulence/ transformation of non-plant hosts 
within Agrobacterium strains (Lacroix et al., 2006). Other similarities with plant targeted 
transfer include truncations seen at one of the T-DNA borders (where integrated T-DNA and 
host DNA meet) (Lacroix et al., 2006). These examples lead Lacroix et al., (2006) to suggest 





Figure 5-1: A schematic overview of the Agrobacterium tumefaciens T-DNA transfer system.  
Using a binary transformation vector system, the T-DNA containing the gene of interest is on a separate plasmid 
to the vir region. The Ti-plasmid of Agrobacterium contains the vir genes required for the binary vector‟s T-
DNA movement, whilst its own region is attenuated. Source: (Michielse et al., 2005). 
Even though this may be the case there are some notable differences in the integration 
process between different hosts. In plants integration often occurs by illegitimate 
recombination at random sites, even if the T-DNA shows extensive sequence homology to 
the plant genome (Lee and Bostock, 2006). In fungi, especially if the T-DNA shows sequence 
similarity to the genome, integration may be via homologous recombination (Weld et al., 
2006). If the T-DNA does lack sequence homology then integration is probably due to 
illegitimate recombination, resulting in a low copy number and random insertion (Dunn-
Coleman and Wang, 1998; Lacroix et al., 2006). Bundock et al., (1995) suggest host proteins 





To transform fungi, the A. tumefaciens DNA-transferring system has been modified (Figure 
5-1). A „binary system‟ is used whereby the bacterium contains an attenuated Ti-plasmid 
(containing solely the vir gene system) and the binary vector containing the T-DNA 
(Michielse et al., 2008).  
 
The use of Agrobacterium-mediated transformation provides a number of advantages over 
other systems. Firstly it avoids the need for protoplast preparation. As shown by de Groot et 
al., (1998) Agrobacterium may transform intact condia and hyphal tissue as well as fungal 
protoplasts, with efficiencies for example 600 times that of those experienced using 
polyethylene glycol transformation methods (Zhang et al., 2008). Furthermore, its ease of 
handling, less labour intensive nature and reproducibility, are often superior to such 
characteristics shown by other transformation techniques (for example biolistic 
transformation). Additionally, with refinement it is possible to have a high percentage of 
stable, single T-DNA insertions (Zhang et al., 2008). Together these facts suggest this system 
may be ideal for insertional mutagenesis as well as specific gene targeting in fungi (Lacroix 
et al., 2006; Weld et al., 2006). 
   
5.1.2: Demethylation inhibitor fungicides 
Transformation systems require a method of selection that permits the differentiating between 
the cells that are untransformed and the rarer, transformed cells (Todd and Tague, 2001; 
Chung et al., 2002). In the case of phytopathogenic fungi their successful transformation was 
delayed because of difficulties in creating such a selection system (Panaccione et al., 1988). 
Panaccione et al., suggest such hindrances may have included the rarity of auxotrophic 
mutant strains that could be complemented by the required metabolic genes of the wild-type, 
as had been used in earlier cases of transformation (Mishra and Tatum, 1973; Panaccione et 
al., 1988, Wu, 2003). An effective system which overcomes such a requirement involves the 
use of dominant genes offering a directly selectable phenotype (Panaccione et al., 1988; 
Honda et al., 2000).  
 
In the case of obligate pathogens such a selection system has the added complexities of 
needing to be applied in planta (ideally working before the pathogen has successfully 
penetrated the host) and having to allow selection through a pathogen lifecycle on a living 




systems (for example the hygB gene system of E. coli which offers resistance to the protein 
inhibitor hygromycin B) may also affect the plant host (Waldron et al., 1985; Punt et al., 
1987; Dai et al., 2003; Wirsel et al., 2004). As a consequence there is the requirement that 
such “collateral” inhibition not occur, and depending on the pathogen involved, certain 
pesticides such as commercially available fungicides may offer that capability. Depending on 
the chemical chosen the advantages of use compared to systems based on dominant drug 
resistance markers or other selective agents such as hygromycin B may include ready 
availability, affordable costs and lower toxicity to humans (Ahuja et al., 2008). Other 
advantages include the ability for systemic fungicides to be applied as a prophylactic seed 
treatment, thereby protecting young seedlings (often used for laboratory experiments) during 
emergence and removing issues regarding timing of fungicide application and good coverage 
of the host (Matthews, 2000). Practical disadvantages can exist with the fact that with some 
fungicides the modes of action are not be fully understood. This leaves them vulnerable to 
potential legislation that may impede use (for example EU council directive 91/414/EEC, the 
Sustainable Use Directive, which aimed to remove from use older pesticides) 
(http://www.knowledgescotland.org/briefings.php?id=99. Date accessed: 9/2/2011). 
 
There are a variety of methods to combat powdery mildew, but one that has potential for 
laboratory (especially transformation) use is that of fungicides that target critical fungal 
processes such as sterol biosynthesis (Leroux, 2003). Sterol biosynthesis is targeted by the 
„Demethylation Inhibitor‟ fungicides („DMIs‟, „azoles‟) (Baldwin and Corran, 1995; Maffi et 
al., 1995; Ma et al., 2006). Used in both medicine and agriculture, due to a target spectrum 
which includes ascomycetes, basidiomycetes and deuteromycetes, the DMIs have been used 
to treat barley powdery mildew infections since the 1970s (Delye et al., 1997; Muchembled et 
al., 2000). One member of the DMIs is triadimenol (marketed as Baytan
®
 produced by Bayer) 







Figure 5-2: The demethylation inhibitor, Triadimenol.  
 
A triazole, triadimenol is the active ingredient of the fungicide formulation, Baytan (Huston et al., (1998). Its 
mode of action was first elucidated by Buchenauer, (1978). Triadimenol primarily targets the enzyme 
cytochrome P450 sterol 14α-demethylase, a protein of the endoplasmic reticulum, and binds to the enzymes 
active site (Delye et al., 1997; Blatter et al., 1998; Marichal et al., 1999). The azoles have curative and 
eradicative properties as well as being systemic protectants (Delye et al., 1997). As such they are the most 
important fungicides of their class (Tsuda et al., 2004). Modified from: Senior et al., (1995). 
 
The DMIs deactivate lanosterol 14α-demethylase (a cytochrome P450 dependent mono-
oxygenase involved in C-14 sterol demethylation and encoded by the CYP51 gene) by 
binding to the haem iron of the cofactor cytochrome P450 (Blatter et al., 1998; Leroux, 2003; 
Waterman and Lepesheva, 2005). It is this interaction which determines selectivity although 
in high concentrations the azoles may inhibit other cytochrome P450s (including those of 
plants) (Joseph Horne et al., 1995). Some azoles such as fluconazloe will affect the ∆22 
desaturase as well the CYP51 protein (Sanglard et al., 2003). 
 
This binding inhibits the demethylation at carbon 14 of lanosterol and/or other precursors to 
ergosta-5,24(24‟)-dien-3ß-ol (24-methylene cholesterol), the predominant sterol of Bgh 
(Figure 5-2) (Loeffler et al., 1992; Mysyakina and Funtikova, 2007). In other members of the 
Pezizomycotina ergosterol is the predominant sterol (Weete et al., 2010). Although sterols in 
the membrane are often in a mixture featuring the major sterol and related intermediates (in 
Bgh episterol and eburicol), a reduction of 24-methylene cholesterol, combined with and 
accumulation of C14-methylated precursors is thought to lead to membrane disruption and 
electrolyte leakage (Loeffler et al., 1992; Hewitt, 1998). Sterol depletion will lead to changes 
in membrane fluidity, affecting the activity of membrane-bound enzymes (e.g. those involved 
in chitin synthesis and those in the mitochondria) and a loss of a “sparking hormonal 
function” (i.e. the initiation of growth by very small amounts of a specific sterols) (Lorenz et 
al., 1989; Marichal et al., 1999; Lupetti et al., 2002; Mysakina and Funtikova et al., 2007). 
Cumulatively these effects lead to severely hindered growth and even fungal death (Hewitt, 
1998; Marichal et al., 1999; Lupetti et al., 2002). If growth does occur then colonies 




enhanced mycelial branching, irregular wall thickening and organelle disorganisation (Kang 
et al., 2001). Cytoplasmic degeneration with increased vesicular formation is also apparent 
(Maffi et al., 1995; ManginPeyrard and Pepin, 1996). Since the main target of DMIs is sterol 
biosynthesis, early development post-germination is not thought to be affected as spores rely 
on internal stores (Hewitt, 1998). The majority of the effect is seen during the inhibition of 
haustorial formation (ManginPeyrard and Pepin, 1996; Damgaard and Nielsen, 1999).  
 
Figure 5-3: The sterol biosynthesis pathway of barley powdery mildew.  
 
The genetics and biochemistry of the pathway in Bgh are little known and as stated by Mysyakina and 
Funtikova (2007) the particular complement of sterols can depend on fungal growth stage. This diagram is 
modified from (Weete et al. 2010) and is based on evidence provided by a study of conidial sterol complement 
by Loeffler et al., (1992). In fungi, sterol synthesis occurs de novo from acetyl-CoA (Hewitt, 1998). 
Biosynthesis is associated with membranes and the actual pathway depends on the fungal species concerned 
(Alcazar-Fuoli et al., 2008; Yang at al 2008). Downstream of the cyclisation of the precursor, squalene 2,3- 
epoxide, CYP51 catalyses a rate-limiting reaction where the 14 α-methyl group is removed from lanosterol as a 
formic acid moiety (after first being converted to an alcohol, followed by an aldehyde) (Waterman and 
Lepesheva, 2005). Lanosterol is a branch point in the synthesis pathway (Alcazar-Fuoli et al., 2008). Although 
both branches meet again at the production of fecosterol, one route is based on the sequential demethylation of 
intermediates via the precursor zymosterol, whilst the other proceeds via eburicol (produced after a methylation 
and itself followed by demethylations). Apart from 24-methylene cholesterol, Loeffler et al., (1992) noted trace 
amounts of eburicol and episterol. This would suggest that the biosynthesis proceeds via the eburicol route. 
Either way CYP51 has a vital role. After formation of fecosterol, and episterol, the process may again branch 
via 5-dehydroepisterol, which leads onto 24-methylene cholesterol (the predominant sterol of Blumeria 
graminis), and also in some fungal taxa, 24-methyl cholesterol. Alternatively, as shown in the diagram, the 
process may lead to ergosterol production or 24-methyl-cholesterol by other routes. Red Triangle = CYP51 
catalysed reaction. Blue Arrow = multiple synthesis reactions. Red Arrow = single synthesis reaction. Black 





5.1.3: Demethylation inhibitor resistance 
 
Ma and Michailides (2005) define fungicide resistance „as a stable inheritable adjustment by 
a fungus to a fungicide, resulting in reduced sensitivity of the fungus to the fungicide.‟ Due to 
mass usage and the site-specific nature of DMI action, resistance within plant pathogens such 
as Bgh has grown (Delye et al., 1997; Ma and Michailides, 2005). Resistance occurs via a 
number of mechanisms, although many have been discerned in laboratory mutants (especially 
clinical isolates) rather than field isolates (Delye et al., 1997; Karaoglanidis et al., 2003; Bean 
et al., 2009). Mechanisms observed include detoxification or efflux of the DMI in the case of 
Aspergillus fumigates using ABC (ATP-binding cassette transporters) (Leroux, 2003; Ferrina 
et al., 2005; Leroux et al., 2007) or a lack of activation of the compound itself (Hewitt, 1998; 
Ma and Michailides, 2005). The use of alternative sterols is also a possibility (studies in 
Mysyakina and Funtikova, 2007). In the case of triadimenol, deposition in the vacuole of 
resistant strains of Ustilago avenae (loose smut of oats) provides resistance (Hewitt, 1998). 
However the most common form of resistance is a modification of the target protein (Cools et 
al., 2006). This may include increased enzyme expression or as seen in Candida species and 
Bgh a change in the affinity of the target site of the fungicide due to point mutations 
(Marichal et al., 1999; Delye et al., 1998; Hanamoto et al., 2000). 
 
As noted by Wyand and Brown (2005) the genetic basis for DMI resistance within pathogens 
including Bgh is quite complex. DMIs are subject to „Quantitative /Polygenic‟ resistance (i.e. 
that resulting from a mutation of a number of genes) and „Qualitative/Major‟ gene resistance. 
The former resistance reflects the multitude of resistance mechanisms against the DMIs, and 
takes the form of a slow decrease in fungicide ability, dependent upon the accumulated 
number of genes present within the organism itself (JosephHorne and Hollomon, 1997; 
Hutson et al., 1998).  
 
In the case of triadimenol major gene resistance (often as a result of a mutation in a single 
gene) or oligogenic (relying on low number of resistance genes) has been observed in Bgh 
(Holloman et al., 1984; Brown et al., 1992; Blatter et al., 1998). Major gene resistance (not 
necessarily at the same locus) is thought to be an underlying cause of resistance that is 
regularly found within three of the highest categories of resistance of mutants studied (Blatter 
et al., 1998; Cools et al., 2006). Analysis by Delye et al., (1997) has revealed a specific point 




al., 2002; Wyand and Brown, 2005). A similar mutation is also observed in highly resistant 
isolates of grape powdery mildew and Penicillium italicum (Delye et al., 1997; Leroux., 
2005; Maetal et al., 2005). In the latter case, it is never associated with low resistance 
phenotypes thereby leading Delye et al., (1997) to suggest the mutation may be enough to 
provide a substantial level of resistance. Subsequently, Wyand and Brown (2005) showed 
that although correlated with high resistance Bgh phenotypes, this mutation was also found in 
an isolate with low resistance. Therefore solely by itself the mutation was only thought to 
convey low resistance. Further work located a second mutation, K147Q, which was solely 
located in high resistant isolates (but only those with the Y136F mutation present).  
 
The Y136F substitution results from a nucleotide A-T change at position 458 (Delye et al., 
1998) and results in the substitution of the amino acid phenylalanine for tyrosine in region 
CR-2, one of four regions implicated as part of the CYP51 substrate recognition site 
(Aoyama et al., 1996; Delye et al., 1997). This substitution effectively equates to the 
structural loss of a hydroxyl group and is thought to enhance the hydrophobicity of the active 
site without a significant change in enzyme conformation (Delye et al., 1997). Delye et al., 
(1997) postulates that this leads to a loss of enzyme affinity for the inhibitor (a hydrophobic 
molecule) without a detrimental effect on sterol biosynthesis. Also such mutations in the 
substrate binding site could result in a perturbation in the interaction points between the azole 
and the haem due to a subsequent movement in tertiary structure (Marichal et al., 1999; 
Lupetti et al., 2002). Wyand and Brown (2005) echo this thought, although they note that it 
has yet to be tested. The K147Q mutation causes a substitution of glutamine for lysine and 
occurs within the B‟ helix of the active site of the enzyme (Wyand and Brown, 2005). This 
mutation may reduce the net positive charge of the helix, preventing azole binding due to 




5.2: Aims and objectives 
 
As sequencing of the genome has finished (www.blugen.org, Spanu et al., 2010) the need for 
a stable and reproducible method of transformation, permitting functional genomic analysis, 
is high. B. graminis f. sp. hordei is an obligate biotroph with an inability to grow in axenic 
culture. This characteristic severely hinders molecular studies as common methods of stable 
transformation, for example based upon the isolation of protoplasts, are either very difficult 
or not possible. In 1995 transformation was achieved by Christiansen et al., (1995), although 
this was only transient. Again, in 2000, transformation was achieved by Chaure et al., (2000) 
using biolistic transformation.  The pathogen was transformed with an allele of a β-tubulin 
gene (permitting resistance to the benzimidazole fungicide, benomyl) and also the bar gene 
from Streptomyces hygroscopicus (providing resistance to the herbicide Bialaphos, a 
phosphinothricin analog). Unfortunately, although stable, this transformation could not be 
reproduced. 
 
As a result this study had one primary objective. In order to allow the testing of gene 
expression and regulation within Bgh, attempts were made to develop an Agrobacterium 
tumefaciens-mediated transformation system. This method utilised a triadimenol-selection 
system combined with a visual selective marker (GFP). Triadimenol is the key fungicidal 
component of the commercially available compound Baytan
®
. The procedure was tested on 
Blumeria graminis f. sp. hordei isolate (DH14) which is considered highly sensitive to 
triadimenol (Wyand and Brown, 2005). In accordance with this an Agrobacterium binary 
transformation vector was completed featuring the CYP51 coding sequence from Bgh isolate 
CC146 (containing both the Y136F and K147Q mutations) that permits high resistance to 
triadimenol (Wyand and Brown, 2005). 
If completed successfully, this system would allow genetic studies such as mutational 
analysis and visual marking of gene expression, thereby permitting information gathering on 
the function of a gene during development. As a result the role of Bgh as a model organism 
for powdery mildews would be consolidated and the identification of targets for new control 




5.3: Materials and methods 
This project continues work begun by the author and Dr. Pietro Spanu. For Blumeria 
graminis f. sp. hordei transformation vectors used include pCambia-eGFP-bar-TaqII (a 
binary transformation vector containing eGFP acting as a marker for transformation 
procedures, but also containing a Bar gene encoding resistance to the fungicide bialaphos) 
and pCambia-CYP51-2 (a binary transformation vector containing eGFP acting as a visual 
marker for transformation, but also containing a CYP51 gene encoding resistance to the 
fungicide triadimenol) (Figure 5-4) (Appendix D). All vectors contain promoter sequences 
from the Blumeria graminis f. sp. hordei histone gene H3, and terminator sequences from the 
aquaporin gene, aqu1. Both vectors were adapted and modified in previous work by both the 
author and Dr. P. Spanu (Dr. P. Spanu, Pers. Comm) (Appendix D: Chapter 5 (Towards 
Agrobacterium-mediated Transformation)). A cloning strategy for the creation of pCambia-
CYP51-2 is shown below (Figure 5-5). 
 
 
Figure 5-4: Plasmids used during the cloning and during Agrobacterium-mediated transformation.   
Restriction digestion sites are shown. A) Plasmid pCambia-eGFP-Bar-TaqII. This binary transformation vector 
has a pCambia vector-0380 with left (LB) and right (RB) Agrobacterium T-DNA border sequences. A 
kanamycin selection marker is present within the backbone (6811 bp). B) Plasmid pCambia-CYP51-2. Diagram 
shows insertion point of promoter-CYP51-terminator cassette. Cassette originates from pCambia-CYP51-TaqII 
(a plasmid containing a H3 promoter/CYP51/Taq cassette in a pCambia-0380 backbone). CYP51 = 1693 bp; 
eGFP = 900 bp; H3 = Blumeria graminis f. sp. hordei histone H3 promoter, 1289 bp ; Taq = Blumeria graminis 





Figure 5-5: Creation of Agrobacterium transformation vector pCambia-CYP51-2.   
Step 1 (A) EcoRI digestion of pCambia-eGFP-Bar-TaqII to release the H3 promoter/bar gene/aquaporin 
terminator cassette. The H3 promoter/eGFP/aquaporin terminator cassette remains. Step 2 (A) The linearised 
vector is dephosphorylated with Shrimp Alkaline Phosphatase. Step 1 (B) High Fidelity PCR amplification of 
H3 promoter/CYP51/aquaporin terminator using pCambia-CYP51-taqII as a template. Step 2 (B) Purification of 
PCR product followed by EcoRI digestion to produce complimentary ends. This step is followed by Ligation of 
the digested PCR product with the processed pCambia-eGFP-Bar-TaqII to create pCambia-CYP51-2.   
5.3.1: PCR amplification of CYP51 cassette from pCambia-CYP51-TaqII 
All PCRs were performed using a PTC-200™ Peltier thermocycler (MJ Research Inc.). All 
oligonucleotide primers were synthesised by Sigma
®
-Genosys Ltd. The High Fidelity 
„Phusion DNA Polymerase‟ (Finnzymes) was used for all reactions. Reaction volumes used 
were 50 μl and followed the guidelines of the manufacturer. 100 ng template (pCambia-
CYP51-TaqII) (or 2  μl water for negative controls) was used per 50  μl reaction volume. 
Primers used include H3-not (5‟-ATA GCG GCC GCG AATTCT CGG ACG TAT TAC 
AAG TCT CGT TG-3‟) and Taq-Rev-Eco (5‟-TAT AGA ATTCGC TAC TCT AAG AGC 
AAG GAA ATG ATT AG-3‟). Annealing temperature was at 60 °C and extension time was 







5.3.2 EcoRI digestion of CYP51 cassette 
Preceding the digestion the amplified CYP51 cassette was purified using „QIAquick® PCR 
Purification Kit‟ (Qiagen) following the protocol of the manufacturer. The amplified CYP51 
cassette was then digested with EcoRI (New England Biolabs) performed in 100 μl utilising 
the recommended buffer of the manufacturer to create complimentary ends on the insert. 
Mixture was then purified using „QIAquick® PCR Purification Kit‟ (Qiagen) and quantified 
according to section 2.8. 
 
5.3.2: Preparation of pCambia-eGFP-Bar-TaqII and ligation with CYP51 cassette 
pCambia-eGFP-Bar-TaqII was digested with EcoRI (New England Biolabs) using  
recommended buffer of the manufacturer. The plasmid was then dephosphorylated using 
Shrimp Alkaline Phosphatase (Roche) (according to protocols of the manufacturer), followed 
by heat inactivation at 65 °C for 15 min, and purified using „QIAquick® PCR Purification 
Kit‟ (Qiagen). The ligation of the CYP51 insert to digested plasmid used a 4:1 insert to 
plasmid molar ratio and utilised T4 DNA Ligase (New England Biolabs) following 
recommendations of the manufacturer. Incubation was at 16 °C overnight. Both plasmid and 
Insert concentrations were gauged as noted in Section 2.8. 
 
5.3.3: Detection of successful insertion into plasmids via microprep and 
restriction digestion 
To show insert presence in pCambia-Bar-eGFP-TaqII potentially transformed bacterial 
colonies were transferred by pipette tip to 20 μl „1X Cracking Solution‟ (Appendix D: 
Chapter 5 (Towards Agrobacterium-mediated Transformation)). This solution was 
subsequently placed on ice. 3 μl „Loading buffer‟ was then added. Solution was then heated 
to 70 °C for 5 min 25 on PTC-200™ Peltier thermocycler and was then centrifuged at 3000 
rpm (2415 x g) for 5 min. 20 μl of upper layer of microprep solution was then transferred to 
0.8  % agarose gel for visualisation. If successful integration was indicated by higher 
migrating bands, miniprep preparations were made from the potentially successful 
transformations to allow restriction digestion utilising EcoRI, NdeI, BamHI and HindIII (New 
England Biolabs) for pCambia-CYP51-2. Products were then visualised upon an agarose gel 





All plasmids were prepared for sequencing by growing 5 ml overnight cultures (12 to 16 hrs) 
on selective medium, LB cultures followed by plasmid purification utilising the QIAprep® 
Miniprep Spin (Qiagen). The recommendations of manufacturer were followed and elution 
was carried out using 50 μl HPLC Grade Water (BDH). Sequencing reactions contained 1 μg 
of DNA and 12.8 pmole of primer. Volume made up to 12 μl with sterile water. Purified 
plasmids preparations were sent to „Advanced biotechnology centre (ABC)‟, Imperial 
College London and run on an Applied Biosystems 3100 capillary sequencer. Primers utilised 
as shown in Table 5 and appendix D:6 Sequences were analysed and aligned using 
„Chromas Lite (Version 2.1)‟ by Tecnelysium Pty Ltd and „BioEdit version 7.0.0‟ (Hall, 
1999). „Chromas Lite‟ Freeware available from 
http://technelysium.com.au/chromas_lie.html. Bioedit freeware available from 
http://www.mbio.ncsu.edu/BioEdit/bioedit.html. Sequences were identified using internet 








„146Seq1‟ 5‟-GGG AAT ATC AGA AAG CTT TAT G-
3‟ 
58.3 
„cc146seq1B‟ 5‟-GGC TAG TGG AAT TAT AAG TTT 
AT-3‟ 
54.2 
„146Seq2‟ 5‟-TCG GTG GCT CAT TTG G-3‟ 62.0 
„146Seq3‟ 5‟-GCC GAA GAA ATT TAT ACG-3‟ 54.8 
„146Seq4‟ 5‟-GGC AGT TTT GTA TCA TGA CC-3‟ 59.4 
„146Seq5‟ 5‟-AGA GGT TCT CCG TCT GCA-3‟ 61.2 
„146Seq6‟ 5‟-CAA CGG TGC AAT TAG TTA C-3‟ 55.6 
Table 5: PCR primers used to sequence CYP51 genes. 
5.3.5: Software 
Sequence alignment was performed using Clustal_W (Chenna et al. 2003; available at: 
http://www.ebi.ac.uk/clustalw/#). Determination of restriction sites was performed using 
Webcutter 2.0 (Available at: http://www.firstmarket.com/cutter/cut2.html). Sequences were 
translated using ExPASy (available at http://www.expasy.org/). Sequence highlights by 




5.3.6: Triadimenol treatment of cv. Golden promise seeds 
Triadimenol fungicide was applied as Baytan
©
 flowable seed dressing (Bayer Crop Science) 
to barley cv. Golden Promise at rates of 1 ml/kg. All treatment was performed by Prof. James 
Brown (John Innes Centre). 
 
5.3.7: Evaluation of triadimenol tolerance 
To determine the influence of Baytan seed-treatment on the sensitive isolate DH14, heavily 
infected plants containing the isolate were shaken over 6-day-old Baytan
©
 treated barley 
plants (1st true leaf stage) to cause infection. 3 pots of approximately 50 Baytan-treated 
seedlings and 3 pots of approximately 50 non-treated seedlings were infected per experiment. 
All inoculation was carried out in a sterile „Microflow Peroxide Advanced BioSafety 
Cabinet- Class 2‟ with airflow turned off. Plants were then capped and sealed with 
transparent isolation covers and placed back in the 25 ºC growth room. After 1 week the 
leaves of the target plant were inspected for colony presence. Plants were then monitored for 
an additional 2 weeks. At 7 d.p.i. light and epifluroescence microscopy was performed on 
selected leaves from each pot to determine the stage of mildew development. A minimum of 
100 spores were observed per leaf.  
 
5.3.8: Competent Agrobacterium tumefaciens cell creation 
The strains used in this investigation include LBA1100, EHA 105, LBA 4404 pBBR 1MCS5-
virGN54D (Rifr, Gmr), LBA 4404 pTiAch5(T1+Tr-DNA) (gifts of Dr. C.B. Michielse, 
Swammerdam Institute for Life Sciences and Professor J. Memelink, Institute of Biology, 
Leiden University). To produce competent cells a pre-culture of the strain in LB media was 
grown for approximately 6 hours at 30 °C. 100 μl was then removed and added to 100 ml LB 
media + 0.1 % glucose and grown at 30 °C until an OD600 of 1-1.5 was reached. After 
incubation on ice the cells were then centrifuged at 4000 rpm and the pellet was washed three 
times in 10 ml of 1 mM HEPES (pH 7.0). Subsequently the pellet was washed in 10 ml 10 % 
glycerol. Following this the pellet was re-suspended in 750 μl of 10 % glycerol then stored as 








5.3.9: Transformation of Agrobacterium tumefaciens strains 
100 ng of plasmid (in 3 μl H20) was added to 45 μl of cells and added to a 0.2 cm 
electroporation cuvette (Bio-rad). These cells were then electroporated by pulsing for 5 ms at 
12.5 Kv/cm using a Gene Pulser II electroporator (Bio-rad). 1 ml SOC solution was added 
and the cells were incubated at 30 °C for 1.5 hrs before plating on selective media. 
5.3.10: Agrobacterium tumefaciens-mediated transformation of Blumeria 
graminis f. sp. Hordei 
 
Figure 5-6: Flow diagram and time line of Agrobacterium-mediated transformation protocol of Blumeria 
graminis f. sp. hordei.  
Day 1: Plant susceptible barley. Day 7: Barley primary leaf is well developed. Infect with Blumeria graminis f. 
sp. hordei . Day ≤7 + n: allow required level of colony development (from 3 to 6 days [n]). Day (7+n)-1 :  The 
day before attempted transformation begin Agrobacterium strain cultivation. Day (7+n) : Place Agrobacterium 
in induction media. Allow development until OD600 is 0.3 to 0.5. Dip Infected leaved and incubate. Day ≤ 
(7+n)+x : Allow sporulation (3 to 4 days [x]) then infect target plants. Day [(7+n)+x]+7 = 7 days after infection 
check plants.    
 
Susceptible barley (cv. Golden Promise) plants were inoculated with Blumeria graminis f. sp. 
hordei and infection was allowed to develop from 3 to 6 days 25 ºC and 30 % (50 %) 




transformation (Figure 5-6) (at required Blumeria infection level), selected Agrobacterium 
strains were cultured overnight in 5 to 10 mls selective media at 30 °C. These cultures were 
used as an inoculum in Induction media (final volume 50 mls) (Appendix D: Chapter 5 
(Towards Agrobacterium-mediated Transformation)) to create an OD600 = 0.15. The culture 
was incubated with shaking at 30 °C until an OD600 of 0.3 to 0.5. 1 μl/ml Silwett L77 (Union 
Carbide Chemcials and Plastics [Europe] S.A.) was then added to the Induction media. 
Infected leaves were then cut from the plants and dipped into the solution. After short 
incubation times (up to 5 minutes) leaves were extracted and gently dried. Leaves were then 
placed upon phytagel (1.5 %) contained within transparent incubation boxes (Figure 5-7) for 
3 to 4 days and permitted to sporulate at 25 (and later 25 °C). In early experiments the 
phytagel was infiltrated with 1 % benzimidazole (Fluka). In later experiments this phytagel 
was augmented with acetosyringone (Sigma Aldrich) (1-(4-Hydroxy-3,5-
37dimethoxyphenyl)-ethanone, 200 μm final concentration). After sporulation potentially  
transformed Blumeria graminis f. sp. hordei was inoculated upon both Baytan (triadimenol) 
treated- and susceptible- barley (cv. Golden Promise) (independent plants of each type for 
each Agrobacterium strain were used). After 7 days of incubation visual inspection of 
inoculated plants was performed. 
 
 
Figure 5-7: Infection incubation box.  
Infected barley leaves, previously dipped in Agrobacterium tumefaciens transformation solutions are allowed to 




5.3.11: Inspection of Blumeria graminis f. sp. hordei transformation status 
Potentially transformed Blumeria graminis colonies were allowed to sporulate and spores 
were sprinkled over both Baytan-treated and non-treated leaves to bulk up stock for 
microscopic analysis. Due to the difficulty with staining the leaf and retaining active GFP 
visual microscopy was attempted on non-cleared leaves. All colonies were identified under 
normal light then interrogated via Blue- light. As a control similarly aged colonies of non-
transformed Blumeria graminis were also visualised in a similar fashion. Additionally leaves 
were cleared and stained to observe via epifluorescence microscopy the status of conidial 
development upon leaves where colonies had failed to materialise. Samples were viewed 
















In preparation for this work an Agrobacterium-binary vector designed to incorporate a gene 
providing resistance to triadimenol was completed. This vector, pCAMBIA-CYP51-2, 
(Figure 5-4) also contains an eGFP gene to permit visual detection during gene activation. 
Both the triadimenol resistance gene, CYP51 (originating from isolate CC146) and the eGFP 
gene have a Blumeria graminis f. sp. hordei histone promoter with aquaporin terminator. This 
means both genes should be expressed simultaneously.  
 
Previous work had called into question the viability of the selection mediated by triadimenol 
on the normally sensitive isolate, DH14. This work suggested that both the identity of 
powdery mildew stocks and barley seed treatments used were suspect. As such on the receipt 
of new seed and fungal stocks simple tests were performed to ascertain the efficacy of the 
selective agent and the suitability of DH14 as a receptor strain. Spores of isolate DH14 were 
sprinkled on barley (treated with 1 ml/kg Baytan, recommended by Professor James Brown, 
John Innes Centre, Norwich, UK) and non-treated barley.  
 
Figure 5-8: The effect of Triadimenol on 7 day Blumeria graminis f. sp. hordei infections.  
A) Non-treated barley plant demonstrating visible powdery mildew infection symptoms in the form of powdery 






One week after inoculation leaves were inspected by microscopy. As shown in Figure 5-8 
the susceptibility of the stock of DH14 to Baytan at the selection level utilised was clearly 
demonstrated. No visible colonies were seen on treated leaves, unlike on non-treated leaves 
where mildew development appeared to conform to morphological expectations. Growth was 




Figure 5-9: The effect of Triadimenol on Blumeria graminis f. sp. hordei asexual development.  
A+B) 7 days post-inoculation spores on non-treated leaves have progressed through the life cycle and reached 
sporulation. Conidiophores are present and hyphal spread across the upper epidermis is apparent. C+D)  Spores 
on Baytan-treated leaves. Development appears to have halted at, or just following, initial penetration. No 
conidiophores are present and external hyphae, if present, are limited. D) Composite image of fungal structures 
at different focal planes. Haustorium formation (*) is limited as is hyphal development. Fungal structures 
stained using wheat germ agglutinin stain (section 3.3.3.2) Scale bar: A+C) = 150 μm approx; Scale Bar: B) = 
80 μm approx; Scale Bar: D) = 40 μm approx 
Inspection of inoculation zones on treated leaves at 7 d.p.i., via leaf clearing and fungal 
staining, suggested many of spores that had germinated halted during their lifecycle during 
the early phases of penetration (Figure 5-9). If penetration occurred, as demonstrated by the 




appeared incomplete. Structures were smaller, both with less digitation and also the 
appearance of a disturbed/uneven membrane surface (Figure 5-10). This is in direct 
contradiction to mildew development on the control leaves where haustoria were numerous, 
and fully-developed, supporting the formation of dense hyphal nets and heavy sporulation.  In 
conclusion this efficacy assay indicated that the triadimenol levels present prevented wild-
type DH14 from completing its lifecycle.   
 
Figure 5-10: Haustoria formation on Baytan-treated leaves.  
A) Haustoria formation by Blumeria graminis f. sp. hordei on non-treated barley. Fungal structures stained by 
wheat germ agglutinin alexa-488 B) Haustoria formation by germlings developing under triadimenol treatment. 
Haustoria display reduced digitation and perturbed surface formation.   Leaf cleared by boiling in methanol and 
incubating in chloral hydrate. Scale Bar = 10 μm approx 
 
Multiple attempts have been made to transform Blumeria graminis f. sp. hordei isolate DH14 
with a gene encoding resistance to triadimenol which originated from the Baytan-resistant 
isolate CC146. These trials attempted to utilise Agrobacterium tumefaciens as a delivery 
method for plasmids containing this gene. Early trial experiments featuring a number of 
studies with LBA1100 containing the plasmids pCAMBIA-eGFP-Bar-TaqII or pCAMBIA-
CYP51-2 as well as non-transformed LBA1100 took place at 25 ˚C. No successful infection 
took place on treated triadimenol treated plants for all treatment regimes. This includes 
Blumeria graminis f. sp. hordei treated with Agrobacterium containing the plasmid 




plants was expected for infected-leaves dipped within solutions (section 5.3.10) containing 
Agrobacterium with no plasmid (a negative -ve control) and also the plasmid pCambia-eGFP-
Bar-Taq II which confers resistance to the fungicide Bialaphos, rather than Triadimenol (also 
a form of negative control). However, a failure of colony growth originating from infected 
leaves dipped within solutions containing Agrobacterium containing pCAMBIA-CYP51-2 
suggested that transformation was unsuccessful. Infection did take place during the majority 
of experiments on plants that were not treated with the selection pressure. This indicated the 
survival of Bgh during the procedure, which includes the dipping of leaves in Agrobacterium-
containing solution. 
 
Other attempts took place involving other strains including the hypervirulent LBA 4404 
pBBR 1MCS5-virGN54D and have been conducted at 20˚C.  All such attempts are listed in 
Table 6, 7). The majority of these attempts have failed to produce colonies on triadimenol 
treated plants, whilst still permitting infection on non-treated plants. However, during one 
experiment (Table 6) featuring a triadimenol-treated indicator plant sprinkled with heavily 
sporulating leaves (dipped originally within a solution of LBA 4404 pBBR 1MCS5-
virGN54D containing pCAMBIA-CYP51-2), 1 colony was seen 1.5 weeks after inoculation 
on a secondary leaf. This colony is shown in Figure 5-11A and its survival on a triadimenol 
treated plant indicated potential transformation. Inspection via microscopy featuring UV light 
revealed interesting results. It should be noted that microscopy was performed without the 
leaf undergoing fixing and staining as this would have adversely affected the colony. This 
caused difficulty when attempting to overlay water above the colony in question and hence 
problems in focusing.  
 
Attempts were made to interrogate the pathogen with blue light to discern if it incorporated 
the GFP gene. As shown in Figure 5-11 B-F, a number of fluorescent spores originating 
from the colony were spotted in several stages of germination. Not all spores fluoresced (as 
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Infection of all non-treated 
control plants only. 
Table 7: Agrobacterium-mediated transformation of Blumeria graminis f. sp. hordei trials.  
„Source Infection Age‟ indicates the age of the infection on leaves dipped in Agrobacterium cultures. „Incubation Temperature‟ indicates the temperature at which Blumeria 
graminis infected leaves were incubated after dipping. „Agrobacterium Culture Type‟ indicates the strain of Agrobacterium used. –eGFP indicates use of GFP containing 
plasmid pCambia-eGFP-Bar-TaqII; -CYP51 indicates use of pCAMBIA-CYP51-2. Finishing OD600 indicates the optical density of Agrobacterium-strain containing solutions 





fluorescence of epiphytic mycelia within the colony perimeter. Conversely, no conidiophores 
were observed to fluoresce. Observation of colonies of the same age originating from 
Blumeria graminis f. sp. hordei dipped within solutions of LBA1100 (the negative control) 
failed to highlight conidia that were fluorescing to the same magnitude throughout their 
structure (Figure 5-11G), although some showed a slight glow near their outer wall. 
Interestingly, epiphytic mycelia within these colonies was observed to fluoresce (and possibly 
to the same degree as those observed within the transformed colony), although observations 
also revealed hyphae that were not fluorescing.  
 
Attempts were made to propagate this colony (Figure 5-11A) by the sprinkling of conidia on 
non-treated and treated leaves. However, although infection succeeded upon plants not 
treated with Baytan, limited infection was seen upon treated leaves. Attempts to further 
propagate this fungus upon treated leaves failed to result in infection. This colony therefore 





















Figure 5-11: Potential transformation of Blumeria graminis f. sp. hordei.  
The possible transformation of Barley Powdery mildew via Agrobacterium mediated transformation (utilising 
strain LBA 4404 pBBR 1MCS5-virGN54D). A) Blumeria graminis f. sp. hordei colony on a triadimenol treated 
leaf. B and C) Spores originating from colony in A. One, indicated by arrow, appears not to fluoresce under UV 
light. The fluorescing spore structures include the conidial body, primary germ tube, appressorial germ tube and 
appressorium). D, E, F) Other fluorescing conidia showing a reduction of fluorescence in the appressorial germ 
tube. G) Spore originating from a colony taken from a control infection (Agrobacterium tumefaciens strain 
LBA1100 dipping solution). No fluorescence is visible within conidial body, or primary germ tube (indicated by 




5.5: Discussion and future work 
 
As bluntly stated by Takken et al., (2004): „to prove the function of a gene identified by 
sequence (homology)... complementation analysis is inevitable‟. In order for this to be 
possible it is first necessary to have an operational fungal transformation system to 
implement the functional genomics testing required. In the course of this chapter attempts at 
developing such a system utilising Agrobacterium tumefaciens for Blumeria graminis f. sp. 
hordei were described. Although the system has been used successfully with many 
filamentous fungi its application to new species is far from simple (Covert et al., 2001). This 
has also proven to be the case with Bgh. Although in one case transformation may have been 
achieved (as shown by the presence of fluorescence, although its nature was not categorically 
proved as being due to eGFP) this was not reproducible and experiments were stopped 
shortly after.  
 
When selecting and optimising a transformation system for a fungus there are several 
questions which must be addressed. These include: i) what selection system should be used 
and how should it be employed; ii) what advantages does this system have over contemporary 
techniques; iii) what fungal tissue is optimal to use as the basis for transformation.  
 
Fang et al., (2004) observed that a pre-requisite for efficient genetic transformation of an 
organism is a good selection system for transformants. It is highly desirable that no 
background level of infection is encountered. Therefore the testing of DH14 sensitivity to 
triadimenol was important. Multiple tests (including trial runs and operational use, Figure 
5-8; Figure 5-9) have indicated that the selection holds, even during heavy spore inoculation, 
meaning that during these experiments there was no background level of infection to 
consider. Examination revealed limited growth of the sensitive Bgh isolate which never 
reached a stage that would permit sporulation. Most conidia observed failed to form haustoria 
(if they did this was limited, Figure 5-10). This is supported by Smolka and Wolf (1986) who 
assessed a variety of triazole fungicides (similar to triadimenol) and concluded they 
terminated growth at the haustoria developmental stage. They observed the formation of 
haustoria with fewer protrusions than normally associated with mature haustoria and those 
present were fewer and shorter. In similar tests ManginPeyrard and Pepin (1996) mention that 
papillae number was not affected, leading to them to believe that penetration resistance was 




enhanced). However, Smolka and Wolf (1986) noted a plant defence reaction (possibly a 
post-infection defence) which featured an altered extra-haustorial membrane, followed by the 
encapsulation of still developing haustoria with a plant-derived material including callose and 
polysaccharides. This encapsulation would be complete by 8 days, the time at which colonies 
are normally visible to the eye. Although they believe it would not terminate growth by itself, 
as this occurs before encapsulation is complete, they believed it formed some role (be that 
precautionary) in defence of the plant. Although caution should be used when extrapolating 
results especially as DMIs do sometimes have different activities even with the same mode of 
action (Kang et al., 2001), it seems triadimenol may have had similar effects; with the 
initiation of potential encapsulation contributing to the rough uneven appearance of the 
haustoria present.  
 
If the primary time point for the fungicide effect is during haustorial development such a time 
point seems reasonable. Spore germination is primarily thought to rely on internal reserves. 
As the haustorium develops the fungus would first gain most access to the fungicide (even if 
it had a translaminar effect) as it starts to begin harvesting of nutrients and water from the 
host. Smolka and Wolf (1986) mention specifically that encapsulation was seen around 
developing rather than developed haustoria. This may be due to the developing fungus being 
unable to “mask” their presence from the host. Blatter et al., (1998) note that resistance to this 
fungicide is located at one locus in CC146 and further research links mutations in the CYP51 
gene to resistance (Wyand and Brown, 2005). Therefore although the mode of action for 
triadimenol is not fully understood, as Schmitt et al., (2006) observe an agrochemical can be 
developed and sold without a full understanding of the mode of action, it does appear this 
fungicide primarily affects sterol synthesis. By doing so membrane development would be 
perturbed. This in turn could seriously affect both the membrane-bound enzyme activity and 
transport capability of a developing haustorium. The reduction in sterols with an 
accumulation of intermediates and the activity of enzymes such as ß-1,3-glucanase can lead 
to irregular thickening of fungal cell structures (thereby explaining the appearance of 
haustoria in this study) (Kang et al., 2001). Whilst simultaneously causing a reduction in 
fungal growth, due to an inability to take up nutrients, the developing fungus would also lack 
the ability to transport fungal proteins (such as avirulence proteins) or signal molecules into 
the host. These molecules would normally be able to subvert the signal transduction pathways 
of the host and repress any defence reactions. Therefore, in this scenario the host would now 




developed haustoria, formed before the fungicide was applied, it is possible what mechanisms 
used to defend against this encapsulation reaction are already in place by the time the 
fungicide has begun to have an effect, resulting preventing encapsulation. 
 
As the selection appeared viable attempts were made at the transformation of Blumeria 
graminis isolate DH14. As noted, the majority of attempts, with three strains of 
Agrobacterium tumefaciens at two temperatures were unsuccessful.  Although spores of the 
fungus appeared to survive the treatment process (shown by subsequent infection on non-
treated control plants) in the majority of experiments a failure to infect triadimenol treated 
plants was the case. Interestingly, a glimpse of possible transformation was offered in one 
experiment utilising the hypervirulent strain LBA4404-PBBR (Figure 5-11). In this case one 
single colony appeared to survive the first round of selection, thereby appearing to have been 
transformed with pCambia-CYP51-2. In spite of this the colony failed to spread during later 
attempts at inoculation on treated leaves. Additionally microscopy painted a confused picture. 
Although certain structures were seen to fluoresce to a greater degree than similar structures 
from non-transformed colonies, other structures within the same colony failed to fluoresce at 
all. This leads to a number of possibilities. Firstly, the H3 promoter chosen for both the 
CYP51 and the eGFP is not uniform in its activity throughout the lifecycle of the fungus. If 
so then this will have drawbacks when trying to select for transformed fungus. Secondly, 
although incorporation into the fungus occurred it was only transitory in nature. This would 
not be the first time such an event has occurred with Bgh. Similar behaviour was seen during 
transformation attempts by Christiansen et al., (1995) and Chaure et al., (2000).  
 
Wyand and Brown (2005) identified two mutations in the CYP51 gene coding region of the 
CC146 isolate that resulted in high resistance, however no analysis was performed of the 
promoter region. It is possible that apart from these mutations over-expression of the gene is 
also a feature resulting in high resistance in this strain. Therefore, future work should focus 
on trying to identify any repeated elements or “over-drive” sequences present in the upstream 
sequences of the CC146 CYP51 gene. Such sequences may, for example, be similar to those 
present in studies by Hamamoto et al., (2000) (who found a 126 bp tandem repeat sequence 
acting as transcriptional enhancer in DMI-resistant isolates of Penicillium digitatum) or 
Mellado et al., (2007) (who discovered a duplicated 34 bp sequence in the promoter of 
Aspergillus fumigates isolates resistant to azoles plays a role in their resistance). Even if no 




include the use of the CC146 CYP51 promoter sequences (or at least as much as can be 
identified of the proximal promoter region as possible) in an attempt to cause levels of 
expression normally found in CC146 in the spores of sensitive isolates. Such a usage of the 
CC146 promoter may also remove a potential problem encountered, unintentionally, with the 
vector design. As can be seen in Figure 5-4 both the CC146 allele of CYP51 and GFP genes 
are bordered by sequences of the H3 histone promoter and an aquaporin terminator, which 
were chosen based on their ability to permit uniform expression of both the selective and 
screenable markers during the lifecycle of the fungus. Given that the same sequence is used 
either side of the genes within the same plasmid construct, there is a chance that homologous 
recombination within the vector (rather than integration with the host) may have occurred. 
Potentially this recombination may have resulted in the loss of the selectable marker and 
hence any chance of resistance to triadimenol. As a consequence the likelihood of successful 
transformation of the host (which for reasons mentioned later may already be difficult to 
achieve with the transformation system chosen) may have been further reduced. 
 
In order to reduce the likelihood of transitory incorporation the selection should be applied as 
soon as possible. Although the original host plants to the sensitive DH14 cannot be treated 
with triadimenol it may be possible to capitalise on the vapour action of triazoles. By placing 
treated filter papers (in the fashion of Maffi et al., 1995) in close proximity to the dipped 
leaves the pesticide may act to select against non-transformed colonies. Although the author 
is unaware if triadimenol has a vapour action it is known that another triazole, triadimefon, 
has such as an action (Maffi et al., 1995). Fortuitously the main breakdown product of this 
fungicide is triadimenol and so resistance may be solely provided by the CYP51 gene already 
in use by the vectors employed in this study. In studies listed by Maffi et al., (1995) they note 
that although germination is delayed, possibly highlighting another mode of action for 
triazoles or maybe the low level of in situ sterol production present in early-germination stage 
conidia, the main effect is observed during haustoria development.    
 
At the time of testing it was not possible to analyse the wavelength of the fluorescence 
emitted by the potential transformed fungus. If further transformants are achieved in future 
efforts must be made to ensure any fluorescence present is due to eGFP and not 
autofluorescence. In the sole case found in this study, non-fluorescent spores were lying in 
close proximity to spores. This would suggest that they originated from a non-transformed 





In the case of Agrobacterium-mediated transformation there are a number of distinct 
advantages when compared to techniques such as polyethylene glycol mediated 
transformation of protoplasts. The technique does not require expensive enzymes whose 
protoplasting ability may vary between batches and is significantly less laborious (Combier et 
al., 2003). Protoplasting and electroporation, require to an extent, that asceptic techniques be 
followed. This permits the growth and repair of potentially fragile selected fungal material on 
sterile media laced with selective agents. This is not possible with Bgh as it would be 
impossible to truly sterilise both the plants and inoculum. However, as Agrobacterium 
functions in nature alongside other microbes to form “crown galls” it is likely the bacterium 
can overcome any impedance they may engender.  
 
In Agrobacterium-mediated transformation the T-DNA is present as a single strand, not as a 
double stranded structure as in other techniques. Furthermore, the translocation of the vir 
operon proteins into the host cell means that the T-strand has extra defence against the action 
of nucleases (in the case of VirE2), as well as targeting to the nucleus. Both are 
characteristics which are not present in other transformation techniques and probably account 
for stable transformation efficiencies that are orders of magnitudes higher than protoplasting 
techniques (de Groot et al., 1998). Apart from the option of homologous recombination with 
increased T-DNA sequence homology as well as the ability to permit random T-DNA 
integration (advantageous both to targeted gene disruption as well as general mutagenesis 
screens respectively), the partial conservation of the T-DNA border sites means the isolation 
and identification of integration sites by methods such as „Thermal Asymmetric Interlaced 
(Tail) PCR may be utilised. These reasons cause Agrobacterium-mediated transformation to 
recommend itself over other techniques.     
 
The primary advantage, and the factor which above all, which dictated the selection of this 
system in this instance was that several forms of fungal starting material, e.g. spores and 
hyphae, have been used as the basis for transformation (de Groot et al., 1998). As with 
previous work (e.g. Chaure et al., 2000 who trialled biolistic transformation on developing 
colonies) efforts in this study also focused on transforming young colonies with the hope that 
either the colony itself (i.e. the conidiophore mother cell) or the spores themselves would be 
transformed. Seven days post-initial infection generous numbers of freshly developing 




limit to the starting material available for transformation. If transformed either directly or via 
developing from a transformed mother colony, a transformed spore would need only an 
uninfected leaf for it to begin an entirely new infection. It was hoped that, apart from the 
application of a selection method, post-transformation would be relatively input free. 
Unfortunately, in order to achieve this infection both colonies and spores need to be intact 
and undamaged to maintain development on the host and to permit infection of new hosts. 
This rules out the use of protoplast based methods that are part of the most common methods 
of transforming fungi. It may also be a contributing factor in the failure to develop a 
successful system during this work.  
 
During the transformation process leaves were dipped, and co-cultivated with the bacterium, 
in an induction medium laced with acetosyringone. Chowdhury et al., (2003) list studies 
which demonstrate that water and aqueous media cause severe damage to conidia, in some 
cases leading to a 90 % reduction in infectivity. Reasons for this could be the osmotic strain 
placed on the spore which leads to damage to membranes and alterations of internal 
concentrations. Also this medium may have inadvertently interfered with the ECM coverage 
of the spore. This matrix is critical during the very early stages of transformation in providing 
signals that firstly aid primary germ tube emergence and then spur later stages of 
development. If this is the case then by affecting the ECM coating we will have decreased the 
chances of developing successful infection of spores by removing its ability to accurately 
sense the substrata on which it had landed. If spore penetration ability is modelled on a 
normalised bell curve with half the spores being, on average, less able to overcome 
penetration resistance (even by susceptible genotypes) of the barley, then such an action may 
significantly reduce the chances of an infection by a successfully transformed spore. This 
would explain why the indications of transformation (for example in this study colonies on 
triadimenol treated leaves and fluorescent spores) were so rare. During this study no attempt 
was made to systematically analyse spore development on triadimenol leaves that had been 
sprinkled with the spores from “dipped” colonies. If work is to be continued on this method 
then efforts should be made to discern both the stage at which the majority of spore 
germination terminates and importantly the percentage of primary germ tubes which make 
contact with the underlying leaf surface. It may be necessary to find the correct co-
incubation/dipping time to minimise any damage to the ECM, if such a proposition is 




certain studies listed by Michielse (2005) the longer the co-cultivation time the higher the 
efficiency of transformation (and chance for multiple integration).  
 
Instead of dipping the infected leaves the spraying of a bacterial/induction solution may be 
trialled. This means some control is had over the amount of aqueous solution in contact with 
the colonies. It could be applied whilst the leaves are still attached, meaning they are not any 
undue stress caused by their removal from the plant. Once a leaf surface has been wetted any 
surplus liquid runs off, which can lead to a depletion of the liquid originally left on the leaf 
(Matthews, 2000). Therefore the finer droplets of an aerosol may equate to an excellent 
coverage of the target with a smaller likely-hood of droplets rolling off the hydrophobic leaf 
surface (although “run-off” may to some degree be minimised by the use of surfactants). 
Furthermore the surface area of smaller droplets increases significantly when the droplets are 
under 50 µm in diameter (i.e. fine-coarse aerosol sprays). This results in an increased rate of 
evaporation, possibly minimising damage to the spores whilst still leaving them in proximity 
to the bacterium.     
 
Other areas of technique, as listed by Michielse et al., (2004), could also offer room for 
optimisation, or at the very least an indicator of the limits of this technique. Concentrations of 
the vir gene inducer, acetosyringone, although similar to concentrations used in other studies 
may be altered as can the choice of A. tumefaciens strain. Other areas of optimisation are not 
practicable with Bgh. These include finding the most optimal ratio of bacterial cells to target 
material. In this case, although bacteria concentration could be measured, the number of 
spores present on a developing Bgh could not be. In future work attempts should be made to 
at least form some type of conservative estimate of the number spores on a colony of a 
certain age at a certain size- and from there estimations could be used to gauge an optimal 
ratio of conidia to Agrobacterium. Temperature of co-incubation should also be considered. 
Combier et al., (2003) found that the highest efficiency of transformation was at temperatures 
most optimal for their organism of study. In this study although dipped leaves were placed at 
25 °C after dipping had occurred, during the dipping itself they were at room temperature 
(approximately 20 °C).  
 
Bearing all this in mind, note should be taken of the fact that the efficiency of 
Agrobacterium-mediated transformation of fungi is lower than that of plants (Lacroix et al., 




co-opt fungal host factors as it would plant host equivalents to achieve its aim. As an example 
Citovsky et al., (2007), although debated by Gelvin (2010), highlights the role of VirE2 (a 
protein that enters the nucleus of plant cells in a complex with a basic-zipper-protein called 
VIP1). In non-host systems it appears that VIP1 has yet to be found, meaning the bacterium 
then has to rely on its own Vir proteins to provide some form of redundant back-up. In this 
case VirE3 can duplicate some of functions of VIP1 and promote VirE2 nuclear import 
(studies in Citovsky et al., 2007). This may highlight the limit to which this system may be 
utilised and also how difficult it can be to apply the system to fungi even without the added 
hindrance of spore damage due to water contact.    
 
In conclusion although ultimately unsuccessful, these trials were encouraging in that, even if 
transformation was indeed transitory, it did occur. They have also provided avenues for 
progression. Future work, possibly in the laboratory of Prof. James Brown (John Innes 
Centre, Norwich) will aim to replicate this result and if needs be attention may be turned to 
trying to alter the T-DNA border sequences within the vector to increase recombination 
(Lacroix et al., 2006). Should transformation succeed then tests with Southern Blotting may 
occur to illustrate just how exactly the T-DNA has incorporated itself. Nevertheless, the 
problem of trying to isolate a single transformant from a colony of mixed genotypes (more 
than one conidia may be transformed) will prove quite a challenging one.  
 
Such a transformation would allow investigators to delve further into the pathosystem of this 
critically important fungus by utilising such techniques as T-DNA insertional mutagenesis, T-
DNA activation tagging and targeted gene disruption which have proven so useful in the 
study of plants. 
 
Since the transformation of Bgh has once again not been possible, in the final chapter the 
testing of an alternative host for future investigations involving the Bgh regulatory elements 
are discussed.  




Chapter 6: CMEG 5’-regulatory region driven GFP expression 
in Magnaporthe oryzae 
 
6.1: Gene transcription and regulation 
 
The precise expression of protein coding genes is vital to allow the correct development and 
differentiation of cells as well as to allow reaction to environmental or host signals (Szutorisz 
et al., 2005; Reid et al., 2009). Eukaryotic gene transcription, the first stage of expression, is 
the main point at which regulation of expression occurs (Wasserman and Sandelin, 2004). 
Transcription regulation is multi-faceted requiring cis-acting elements and trans-acting 
factors which bind to these cis-elements (Yu et al., 2006). Factors controlling transcription 
may include sequence specific DNA binding factors, chromatin regulators and the general 
transcription machinery (and their regulators) (Venters and Pugh, 2009). Via these elaborate 
control mechanisms genes may be expressed in a highly defined and temporal manner as well 
as in co-ordination with other genes (Pedersen et al., 1999). For an in-depth review the reader 
is referred to Venters and Pugh (2009). 
 
There are multiple stages to eukaryotic RNA synthesis. These include initiation, promoter 
clearance, elongation and termination (Szutorisz et al., 2005). Initiation requires the RNA 
polymerase to interact with the DNA at the promoter of the gene of interest and is an 
important control point (Szutorisz et al., 2005; Pollard and Earnshaw, 2008). The promoter 
may be defined as a set of nucleotides indicating the start of RNA synthesis (Alberts et al., 
2002). Promoter sequences for RNA polymerase II (encoding mRNAs) are usually situated 
upstream of the transcriptional start site (TSS) (Pedersen et al., 1999; Kornberg, 2007). RNA 
polymerase cannot perform its function by itself- instead additional factors known as 
„General Transcription Factors‟ (GTF) are required (Pedersen et al., 1999). These GTFs , for 
example TFIID, will by recognising short specific sequences in the promoter region, for 
example the TATA Box, bind to the DNA and begin to form the pre-initiation complex with 
RNA polymerase II (Alberts et al., 2002; Pollard and Earnshaw, 2008). This formation may 
be aided by the presence of the „mediator‟ complex which reversibly binds the RNA 
polymerase II (and with other factors forms the RNA Polymerase II Holoenzyme). The 
mediator helps the polymerase “find” the promoter by interacting with gene regulatory 




proteins called transcriptional activators (Alberts et al., 2002; Pollard and Earnshaw, 2008). 
Additionally chromatin modifying enzymes may also be involved. After forming the 
transcription initiation complex, a GTF (TFIIH) containing a DNA helicase subunit (that on 
hydrolysing ATP) will cause the unwinding of the DNA to be transcribed. After a series of 
conformational changes the RNA polymerase will proceed from the promoter and begin 
transcription (Alberts et al., 2002).  
 
The minimal, or core promoter, is the set of sequences sufficient for the assembly of the pre-
initiation complex (Pedersen et al., 1999; Szutorisz et al., 2005). However there is not just 1 
class of minimal promoter (Pedersen et al., 1999). Some contain the previously mentioned 
TATA-box (with the consensus TATAAAA), whilst others have contained another element 
known as the „initiator‟ near the „transcription start site‟ (TSS) (Smale, 1997), possibly 
accompanying another element 30 bp downstream of the TSS (the „Downstream Promoter 
Element‟, DPE) (Burke and Kadonaga, 1997). Additionally, some core promoter appear to 
lack all known core promoter elements (Juven-Gershon et al., 2008). There are often high 
numbers of sequences with similarities to these elements spread throughout the genome (e.g. 
studies by Prestridge and Burks (1993) who demonstrated 1 predicted TATA-box every 120 
bp. Since, as Pedersen et al., 1999, note that promiscuous transcription does not take place 
other factors, besides core elements, must aid in the control of transcription. 
 
Specifically in the case of RNA polymerase II those elements which are found 30 to 200 bp 
upstream of the TSS are termed promoter proximal elements (Szutorisz et al., 2005). Others, 
known as distal elements (known as enhancers which increase transcription, and silencers 
which repress it) may be even further away (Pedersen et al., 1999; Szutorisz et al., 2005; 
Abeel et al., 2008; Pollard and Earnshaw, 2008). These elements, up to several thousand bp 
away from the promoter, may exert effects independently of their position or orientation 
(Brasset and Vaury, 2005). It is at these sites that transcriptional regulatory proteins (such as 
transcription factors) may bind and allow precise control over gene expression (Pedersen et 
al., 1999; Brasset and Vaury, 2005). 
 
Downstream of the receptors that respond to external stimuli, and at the end of many signal 
transduction pathways, transcription factors (TFs) form the last step in the signal transduction 
pathways that mediate the cells responses to stimuli (Pollard, 2008; Hu, 2010). These factors 
are the elementary units of the transcription regulatory mechanism (Park et al., 2002; Reid et 




al., 2009). TFs may bind to the basal machinery directly or may act in concert with co-
activator or co-repressors (Pollard and Earnshaw, 2008). Unlike GTFs, TFs may number in 
the thousands, all capable of binding different regulatory elements (Pedersen et al., 1999). 
Looping of the DNA is thought to bring the TF close to its site of action when binding 
elements far from the promoter (Pollard and Earnshaw, 2008) (Figure 6-1).  
 
Figure 6-1: Components of transcriptional regulation.  
Transcription factors (TFs) bind to specific sites (transcription-factor binding sites) that are either proximal or 
distal to a transcription start site. Sets of TFs can operate in functional cis-regulatory modules (CRMs) to 
achieve specific regulatory properties. Interactions between bound TFs and co-factors stabilize the transcription-
initiation machinery to enable gene expression. The regulation that is conferred by sequence-specific binding 
TFs is highly dependent on the three dimensional structure of chromatin (Source: Wasserman and Sandelin, 
2004). 
 
Cis-regulatory regions often contain binding sites for several TFs, with genes showing their 
own pattern of sites, each of which may bind several types of TF (Pedersen et al., 1999; 
Kristiansson et al., 2009). Additionally, promoters may contain multiple copies of the same 
TF binding sight (Paixao and Azevedo, 2009). Transcription binding sequences 
(„transcription factor binding sites‟) are usually 5 to 25 bp in length and may be found 




upstream of the TSS, in the 5‟-UTR, and downstream of it (Butler and Kadonaga, 2002; 
Chowdhary et al., 2006). They are often found in clusters (known as cis-regulatory modules, 
CRMs) (Reid et al., 2009). TFs do not work in isolation to one another, often requiring a 
combinatorial presence (or absence) to regulate the expression of the genes in question (Reid 
et al., 2009). However as cellular processes often require the co-ordination of genes it is 
thought that sets of TFs are often active on these co-expressed genes (Reid et al., 2009). 
Transcription factors themselves are under such expression control and so transcriptional 
cascades and feedback loops also form a level of regulation (Pedersen et al., 1999). It is 
because of this modular nature of control regions that the particular spatial and temporal gene 
expression requirements of the cell are met (Pedersen et al., 1999).  
 
As well as transcription factors, chromatin structure can also influence gene expression with 
tightly bound heterochromatin preventing the access of transcription factors to their binding 
sites (Narlikar et al., 2002; Alvarez et al., 2010). Therefore its unfolding is an important part 
of gene regulation (Pedersen et al., 1999; Narlikar et al., 2002). 
 
One of the first steps in identifying the role of a gene includes trying to identify regions 
housing control elements (Wasserman and Sandelin, 2004). As highlighted core promoters 
can be varied. They may also contain regions of unknown function with many transcription 
factor binding sites (often short and varying in nature) to choose from (Park et al., 2002; 
Juven-Gershon et al., 2008; Kristiansson et al., 2009). This makes the determination of 
regulatory regions difficult and an often imprecise task needing lengthy computational 
analysis. Although promoter predictors are numerous the lack of distinctive features can give 
many false positives or negatives (Muller et al., 2007). The initial step in the identification of 
promoter regions is often the identification of the transcriptional start site (TSS) (Chowdhary 
et al., 2006). This may allow the identification of any potential primary regulatory elements 
(such as TF binding sites) within this proximal promoter region (Chowdhary et al., 2006). If 
knowledge regarding cis-regulatory elements is lacking then phylogenetic footprinting may 
be used (Wasserman and Sandelin, 2004). This process is underpinned by the hypothesis that 
random mutations occur more frequently in regions without specific function which aren‟t 
necessary for gene expression. By comparing orthologous sequences, it is possible to locate 
areas of evolutionary conserved sequence (Wasserman and Sandelin, 2004).  




6.2: Magnaporthe oryzae- A heterologous expression host 
Rice Blast disease is caused by the filamentous ascomycete Magnaporthe oryzae, formerly 
M. grisea (Herbert) Barr (Couch and Kohn, 2002; Khang et al., 2005; Liu et al., 2006). This 
fungus is classed within the Sordariomycetes, a close neighbour of the class Leotiomycetes 
(containing the family Eryisphaceae) (Robbertse et al., 2006). This disease also causes high 
crop losses (up to 33 %) and is considered the most devastating rice disease (Talbot, 2003; 
Xue et al., 2004). Unlike Bgh, M. oryzae may survive on over 50 hosts, including barley and 
wheat (Valent and Chumley, 1991).  
 
Figure 6-2: Magnaporthe oryzae lifecycle on rice.   
A) Conidia are aerially dispersed from conidiophores. B) Conidia adhere to the host surface. C) Conidia 
germinate and produce a hyphal filament. D) Formation of the appressorium with concomitant autophagy of 
conidia and germ tube. E) Formation of penetration peg and invasion of host tissue. Movement into surrounding 
cells appears to be specifically at plasmadesmata clusters, „pit fields‟. Invasive hyphae have a membrane cap 
believed to function in protein secretion into the host cell. Source: (Ebbole, 2007) 
In close similarity to Bgh, infection begins when an asexual spore lands upon the host leaf 
surface (Figure 6-2). A preformed mucilage (the „spore tip mucilage‟) is released upon 
contact, after spore hydration and aids adhesion to the leaf (Hamer and Talbot, 1998; 
Gerbeaud et al., 2001). By 0.5 to 2 h.p.i. a short, polarised germ tube emerges from the multi-
celled conidium (Lu et al., 2005; Tongen et al., 2006). The tube is unbranched and is 
surrounded by an ECM providing adhesive and protective qualities (Jelitto et al., 1994; Xue 




et al., 2004). By 4 h.p.i. elongation ceases and the germ tube swells at its tip, flattens and 
alters direction in a process known as „germ tube hooking‟, similar to the behaviour of the 
AGT of Bgh (Bourett and Howard, 1990). Following this process a dome-shaped 
appressorium is formed and without this structure infection fails (Choi et al., 1998; Kang et 
al., 1999). By 4 to 8 h.p.i. melanisation of the appressorium begins, and with a build-up of 
intracellular glycerol levels, turgor generation is permitted. Storage products are transported 
to the appressorium from the conidia and germ tube, which after isolation, undergo collapse 
(Tongen et al., 2006). By 24 h.p.i. an appressorial pore ring has formed and it is from here the 
penetration peg emerges (Lu et al., 2005). This appressorium can generate a turgor pressure 
of up to 8.0 MPa (Howard et al., 1991), and at its peak (occurring between 24 to 31 h.p.i.) an 
infection peg is thrust down through the plant cuticle into the tissue below. This penetration 
may also be aided by enzymatic digestion of the leaf surface (Tongen et al., 2006). Host 
colonisation by hyphal growth then occurs. The initial hypha (often ≈31 h.p.i) differentiates 
into a number of branched hyphae that spread rapidly into surrounding epidermal cells 
(Figure 6-2) (Lu et al., 2005; Ebbole, 2007). These allow the harvesting of host nutrients. 
Interestingly, although these hyphae are similarly thought to cause invagination of the host 
membranes they do not approach the complexity in structure of the haustoria of Bgh. Talbot 
et al., (1993) notes that by 96 h.p.i. the first symptoms are visible as small ellipsoid lesions, 
resulting from host chlorosis and necrosis (Valent and Chumley, 1991). The hyphae will at 
some stage breech the leaf surface to permit the formation of conidia (by holoblastic 
conidiogenesis) and the continuation of the lifecycle (Xue et al., 2004). Spores are 
transmitted to nearby plants by wind and dew drop (Talbot, 2003). 
 
During the process of forming a “hooked” germ tube signal recognition of the leaf surface, 
permitting appressorial development, is thought to occur (Gilbert et al., 1996; Choi et al., 
1998). Studies have discerned some of the signals and suggest the emerging germ tube tip 
acts as the vehicle for their sensing (Chun and Lee, 1999). Briefly, these include the need for 
attachment to a solid surface (Lee and Dean, 1994; Xiao et al., 1994; Gilbert et al., 1996), the 
presence of soluble cutin monomers and of lipid monomers (i.e. C16 and C18 compounds), 
potential components of leaf epicuticular waxes (Gilbert et al., 1996, and studies listed in 
Talbot, 2003). Additionally, nitrogen deprivation and light availability requirements have 
also been observed, as has stimulation by nutrients (Jelitto et al., 1994; Xue et al., 2004). 
Further evidence supporting these requirements include the release of cutinase by M. oryzae 
(Sweigard et al., 1992). Many inductive surfaces are hydrophobic in nature although 




hydrophilic surfaces may likewise induce appressoria (Gilbert et al., 1996; Ebbole, 2007) 
Furthermore, M. oryzae forms appressoria on artificial surfaces suggesting the presence of 
monomers, although stimulating growth, is not essential for it (Gilbert et al., 1996). This has 
led some authors, e.g. Gilbert et al., (1996), to suggest control via a convergent, multi-stimuli 
pathway was involved, which may prove essential to permit such a large host range. Many of 
these requirements show similarities to those required for the development of Bgh. Similarly, 
as in Bgh such signals lead to fluxes in certain signalling cascades e.g., the cyclic AMP and 
the PMK1 MAPK pathway (refer to Talbot, 2003 and Wilson and Talbot, 2009 for details). 
 
During the past decade and beyond this pathogen has begun to fulfil the role of a model plant 
pathogen (Khang et al., 2005; Wilson and Talbot, 2009). It is considered one of the best 
studied of the phytopathogenic fungi and features in many studies of host-pathogen 
interaction (Lu et al., 2005). Important reasons for this include the ability to grow in axenic 
culture and also the ability to carry out genetic analysis on itself or its rice host (studies are 
listed in Talbot, 2003; Mitchell et al., 2003). Furthermore analysis is aided by the ability of 
the fungus to undergo stages of the infection process up to and including appressorium 
formation on non-host surfaces (studies listed in Talbot, 2003). Previous studies have been 
able to transform M. oryzae via polyethylene glycol utilising such antibiotic markers 
including hygromycin B (Talbot and Foster, 2001). Talbot (2003) notes that although not 
overly efficient (averaging only 40 transformants per microgram of transforming DNA), the 










6.3: Aims and objectives 
As observed by Park et al., (2002) one of the challenges of gene regulation is the attempt to 
define the regulatory regions of genes and link them to the genes known regulation. In studies 
performed by Dr. Maike Paramor, the effects of four different germination surfaces (barley, 
wheat, cellulose and glass) on the gene expression of 2027 unigenes was investigated using 
cDNA microarray. The results of this test revealed genes with altered expression during 
germination and furthermore genes exhibiting similar expression patterns across the different 
surfaces. 12 Bgh genes with alternate expressions were chosen as model examples of the 
different expression profiles encountered during germination on these surfaces. These genes, 
some of which formed the basis for clusters containing virulence associated genes, included a 
Bgh plasma membrane ATPase, an extracellular alkaline protease, a Crh-like protein, a Ran 
GTPase activating protein 1, a Bgh cap20-like protein, an alpha 1,6-mannosyltransferase and 
a putative structure specific recognition protein, amongst others.  
 
It is a common strategy that gene regulatory elements are predicted by seeking common 
sequences in the 5‟-regions of genes with clustering evident in their expression profiles (Park 
et al., 2002). This suggests the genes are co-regulated, making in theory the finding of 
common regulatory sequences easier. Furthermore, studies by authors such as Spellman et al., 
(1998) demonstrated that some genes with clustered expression belong to, and contain the TF 
binding sites for, similar regulatory mechanisms. 
 
CMEG regulatory regions were therefore determined by blasting (both Blastn and Blastx) 
ESTs corresponding to the CMEG in question against genomic contigs available at that time 
(2007-2008) during early stages of the Blumeria graminis genome sequencing project 
(www.blugen.org/). Such searches would reveal actual genomic sequence. Linked to this 
uniprot searches using these ESTs showed whether any known proteins would be a match. 
When positive matches occurred, a FGENESH search was performed. By optimising the 
search for Sclerotinia sclerotiorum, a close phylogenetic relative of B. graminis f. sp. hordei, 
5‟-regions upstream from the TSS were isolated (up to 2 kb, free from any surrounding 
neighbouring  coding sequences). Furthermore, these sequences could then be utilised for 
further analysis using a phylogenetic footprinting algorithm, alongside five other closely 
related fungi. This program determines the sequence regions most conserved and 
consequently most likely to contain the regulatory elements (and was performed by Dr. 




Yusanne Ma, formerly of the Stumpf group, Imperial College). This algorithm utilised 
Bayesian hierarchical models to compare homologous sequences from the different species 
used. The algorithm infers ancestral sequences and evolutionary distances between sequences 
and by employing Bayesian partition models this algorithm partitions the sequence into 
segments of differing evolutionary conservation.   
 
Subsequently, CMEG clusters were then analysed to determine their cis-regulatory regions. 
Additionally, clusters were analysed in silico to see if these co-regulated genes shared similar 
regulatory elements in their promoter region. This in silico testing, however, failed to yield 
any meaningful results regarding shared elements although some conservation was observed 
(Dr. Maike Paramor, pers comm.). 
 
As in situ analysis is not yet a possibility in Bgh due to inability to stably transform it (as 
highlighted in the previous chapter), other methods of testing must be employed. 
Magnaporthe oryzae (formerly grisea) is an ascomycete fungus that has become favoured as 
a model plant pathogen. Known for its tractability and ease of handling, combined with its 
phylogenetic relationship to Bgh, M. oryzae may be suitable candidate to act as heterologous 
host for the testing of these CMEG regulatory elements. Accordingly it was the aim of this 
work to test for the activity of a number of Bgh CMEG 5‟-regulatory regions when part of a 
GFP-reporter system transformed into M. oryzae. This investigation aimed to analyse both 
the suitability of M. oryzae for further use as a heterologous host organism and to 













6.4: Materials and methods 
6.4.1: Vectors  
For the transformation of Magnaporthe oryzae the vector pMJK27.2 (a gift from Dr. Mick 
Kershaw [Talbot Lab, University of Exeter]) and derivatives of this plasmid containing 
Blumeria promoter regions were used (Figure 6-3). Variants were constructed primarily by 
Dr. Calin Andras and Dr. Maike Paramor, with some help of the author. pMJK27.2 contains a 
sGFP (Appendix E) gene with a promoter from the hydrophobin gene MPG1 and a TrpC 
terminator, as well as a gene for hygromycin-B resistance. M. oryzae previously transformed 
with a GFP-containing construct, pCAMgfp, (a gift of Dr. A. Sesma, John Innes Centre, 
Norwich) was used as an indicator of GFP behaviour within M. oryzae and for optimisation 
of microscopy (Figure 6-3). pCAMgfp contains an sGFP gene with a Pyrenophora tritici-
repentis TOXA gene promoter and a hygromycin-B resistance gene with an Aspergillus 
nidulans TRPC promoter within a pCAMBIA-1300 vector backbone. 
 
6.4.2: pMJK27.2 Gateway vector conversion and promoter/pMJK27.2 vector 
preparation 
This procedure was based around the protocols of the manufacturer for the „Gateway® 
Vector Conversion with One Shot
®
 ccdB Survival Cells‟ (Invitrogen™: Catalogue number 
11828029) and „pCR8®/GW/TOPO®‟ TA Cloning Kit (Invitrogen™: Catalogue Number 
K250020) with some modifications. The procedure was as follows: PCR primers (T3 cloning 
[5‟-CTTTTGTTCCCTTTAGTGAG-3‟] and sGFP cloning [5‟-ATGGTGAGCAAGGGC-3‟])  
binding the flanking regions immediately adjacent to the MPG1 promoter in the MPG1-sGFP 
reporter construct, pMJK27.2, were designed to allow amplification of the whole vector 
excluding the MPG1 promoter.  Phusion
®
 high fidelity polymerase (Finnzymes) was used to 
amplify the approximately 6.5 kb vector fragment. Gateway Cassette A (Invitrogen™: 
Catalogue number 11828029, Appendix E) was ligated according to the protocol of the 
manufacturer with the promoter-less pMJK27.2 linear fragment  





Figure 6-3: A schematic diagram of pMJK27.2 and pCAMgfp used during M. oryzae transformation 
attempts. 
 
A) pMJK27.2. Restriction digestion sites are shown.  This plasmid has a molecular weight of 7.82 Kb. A 
chloroamphenicol resistance gene is present within the backbone. The MPG1 promoter was originally cloned 
via restriction digestion using BstxI and NcoI into the plasmid pAN52.1. The prmoter/gfp/terminator cassette 




via a Bstx1/HindIII digestion and 
relegation. The BstxI site lies within the left extremity of the multiple cloning site (demarcated via blue lines). 
The HindIII site lies within the right extremity of the MCS. (Dr. Mick Kershaw, pers. comm.). The pMJK27.2 
derivatives have promoters from the Blumeria graminis gene replacing the MPG1 gene promoter. These were 
inserted utilising Invitrogen Gateway
®
 Vector Conversion system protocols. B) pCAMgfp. A ~3 Kb XhoI-
EcoRI restriction fragment containing a modified hygromycin resistance gene under the control of the 
Aspergillus nidulans TrpC promoter together with the sGFP gene under the control of the Pyrenophora tritici-
repentis ToxA gene promoter was isolated from pCT74. This restriction fragment was ligated into the 
XhoI/EcoRI-digested- pCAMBIA-1300 to replace a pCAMBIA-1300 cassette containing the hygromycin gene 
under the control of the cauliflower mosaic virus 35S promoter. The resulting vector was introduced into 
Agrobacterium tumefaciens strain AGL-1 and transformed into M. oryzae (Dr. A. Sesma, pers. Comm.)   
 
 
amplified by Phusion polymerase PCR, to generate the Gateway Destination Vector 
(designated D10). The D10 vector (grown in One Shot
®
 ccdB Survival Competent Cells, 
Invitrogen™) was sequenced for the correct integration of the gateway cassette. 
 
Promoter sequences were amplified by Phusion
®
 polymerase PCR (the reverse cloning 
primer for all promoters was designed to include stop codons in all three frames), and blunt 
ends were terminated with the addition of adenine by subsequent incubation with generic Taq 





vector by TA Topo cloning according to the protocol of the manufacturer (Invitrogen
™
, 




Catalogue Number K250020) but with the reaction volume reduced to 1/3 - 1/2, using 
reduced reagent volumes accordingly. The volume of One Shot Top 10 competent cells was 
also reduced to ½. Following transformation 50 µl of cells were plated out and the remaining 
volume was kept for a second plating (using more or less cells) if necessary. Typically 8 
colonies per construct were suspended each in 10 µl of ddH2O of which 1 µl was used in a 20 
µl volume reaction for a PCR insert orientation assay. The M13-Forward primer was used in 
conjunction with the reverse cloning primer for each promoter insert (Appendix E, 9.9) and 
positive colonies for the expected size fragment were DNA mini-prepped (the remaining 9 µl 
of colony suspension were inoculated in 2 ml overnight cultures of which 1.5 ml were used 
for DNA minipreps using QIAprep
®
 Spin miniprep columns (following the protocols of the 
manufacturer, Qiagen). DNA from selected Topo constructs was used in an LR reaction with 
the D10 vector using the Clonase II enzyme according to the protocol of the manufacturer 
(Invitrogen™, Catalogue number 11828029) but with reaction volumes (and reagents) 
reduced to half. The presence of promoter inserts in D10 were initially assessed by PCR 
using M13-Reverse primer (sequence 5‟-CAGGAAACAGCTATGACC-3‟) and the reverse 
cloning primer for each promoter (4 colonies each). Finally one of the positives was 




















6.4.3: B. graminis f. sp. hordei isolate DH14 promoter regions used during 
transformation 
5‟- upstream regions presumed to contain promoters from the following genes (Appendix E, 
9.9) were used during transformation attempts of Magnaporthe oryzae (Table 8):  
EST Library Identifier  CMEG Cluster Leader Identity/Function 
D00146 Cap20 Retinal Short Chain Dehydrogenase 
Reductase 










 Gamma subunit of the F1 sector of 
mitochondrial F1F10 ATP synthase 
D00095 C00206
(1)




 Malate dehydrogenase 
C00741 Cap20 Signal Recognition Particle 54 kDa 
protein homolog 
BG22203 Haustoria specific Glutamate decarboxylase 
C01420 C01417
(2)
 Aconitase (carbohydrate metabolism) 
C00879 C00206(
1
) H4 Histone 
C01157 (*) C01417
(2)
 Protein Disulfide Isomerase Precursor 
D00154 C01417
(2)








 MepB (metalloproteinase) 
D01317 D00933
(3)
 Alternative oxidase gene 
C00209 C00606 Mannosyl-oligosaccharide alpha-1 
(mannosidase precursor; carbohydrate 
metabolism) 
C00606 (*) Cluster Leader Unknown 
C00010 C01417
(1)
 Fructose bisphosphate aldolase 
D00573 - Small GTPase 
D00451 - Unknown 
C00056 C06011 Unknown 
Table 8: A list of Blumeria graminis f. sp. hordei isolate DH14 CMEG Promoters fused to GFP and used 
during the transformation of Magnaporthe oryzae.  
EST Library identifier indicates the name of the EST used during the original microarray analysis. CMEG 
Cluster Leader indicates the EST providing the most representative expression profile. Where ESTs provided 
the most representative profile of their group they are labelled „Cluster Leader‟. (*) indicate genes tested for 
expression in Chapter 4 (listed in Table 3). 
(1)
 indicates ESTs of the same cluster as C01244 and C00563 
(Table 3). 
(2)
 indicates ESTs of the same cluster as PS11B04 and C01157 (Table 3). 
(3)
 indicates ESTs of the 
same cluster as D00471 (Table 3). Sequence data and  expression profiles are shown in Appendix E.  
6.4.4: Midiprep plasmid purification  
This followed a modified version of the miniprep plasmid purification protocol of Sambrook 
et al., (1989). It was as follows: 50 ml overnight LB media culture (in 50 ml falcon tube) was 
cooled on ice before pelleting at 3220 x g, 15 min at 4 °C. Pellet was then re-suspended in 
solution I (Appendix E) by vortexing. 2 ml of solution II (Appendix E) was then added and 
mixed by inversion of the tube 4 to 5 times (until solution was clear, for not longer than 5 
minutes) at room temperature. 1.5 ml of ice cold solution III (Appendix E) was added and 




mixed gently, but thoroughly, by inversion 8 to 10 times. The solution was incubated on ice 
for 5 minutes. The mixture was then centrifuged for 10 min at 3220 x g at 4 °C and the 
supernatant was transferred to a new tube (by sieving if the pellet was loose. An equal 
volume of cold iso-propanol was added, followed by inversion (5 to 6 times) with and 
incubation on ice for 5 min. Following this, the extraction mixture was centrifuged at 3220 x 
g for 25 min at 4 °C. The supernatant was then discarded. The pellet was washed with 70 % 
ethanol, and after gentle shaking to dislodge the pellet, the mix was centrifuge at 3220 x g for 
5 min at 4 °C. The supernatant was discarded and all liquid aspirated. The pellet was then re-
suspended in 100 µl TE buffer or H2O.      
 
6.4.5: Precipitation of DNA 
If necessary DNA (in TE buffer or ddH2O) was precipitated by adding Sodium Acetate (pH 
5.2) to a final concentration of 0.3 M and 2.5 volumes of cold iso-propanol. The solution was 
incubated for a minimum of 15 minutes at -20 °C and then centrifuged at 4 °C for 10 min at  
18,000 x g. After the supernatant was discarded by aspiration, the pellet was washed with 300 
µl of 70 % ethanol and then centrifuged at 18,000 x g for 10 min. The ethanol was removed 
by aspiration and the DNA was re-suspended in the required of volume of ddH2O.    
  
6.4.6: Detection of successful insertion into plasmids via microprep and 
restriction digestion 
To show insert presence in pMJK27.2 potentially transformed bacterial colonies were 
transferred by pipette tip to 20 μl „1X Cracking Solution‟. This solution was subsequently 
placed on ice. 3 μl „Loading buffer‟ was then added. Solution was then heated to 70 °C for 5 
min 25 on PTC-200
™
 Peltier thermocycler and was then centrifuged at 3000 rpm (2415 x g) 
for 5 min. 20 μl of upper layer of microprep solution was then transferred to 0.8 % agarose 
gel for visualisation. If successful integration was indicated miniprep preparations were made 
from the potentially successful transformations to allow restriction digestion utilising BsgRI 
(New England Biolabs
®
) for pMJK27.2 destination vectors with conversion cassette. 
Products were then visualised on an agarose gel and recorded as required. 
 





Performed as noted in section 5.3.4. Primers utilised include M13-Forward (5‟-
TAAAACGACGGCCAGT-3‟) and sGFP reverse (5‟-AAGATGGTGCGCTCCTGGAC-3‟).  
 
6.4.8: Software and internet based resources 
Software used was as noted in section 5.3.5. Additionally, sequences were formatted using 
the „Read Sequence Converter‟ (developed by Dr. D. Gilbert, University of Indiana; available 
at http://www-bimas.cit.nih.gov/molbio/readseq/ as of time of writing).  The Phytopathogenic 
Fungi and Oomycete EST Database by COGEME (Consortium for the Functional Genomics 
of Microbial Eukaryotes) at http://cogeme.ex.ac.uk/ was accessed during 2008-2009 to view 
microarray data provided by Dr. Maike Paramor (Spanu Laboratory, Imperial College 
London). Basic Local Alignment Search Tool (BLAST) Resources hosted by the National 
Centre for Biotechnology Information (NCBI) at 
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome were 
accessed throughout the period of 2006-2009 for sequence identity and homology searches. 
PCR and RT-qPCR primers were designed using Primer 3 (version 0.4.0; Rotzen and 
Skaletsky, 2000) as accessed between 2006 and 2009 (.http://frodo.wi.mit.edu/primer3/). 
 
6.4.9: Magnaporthe oryzae transformation 
Culture Conditions 
Wild-type and transformed M. oryzae isolate Guy11 was grown in 9 cm Petri dishes at 25 ˚C 
and 30 % humidity with a 16/8 hour light/dark cycle. Wild-type Guy11 was a gift from Dr. 
Mick Kershaw (Talbot lab, University of Exeter) although it was originally sampled from 
French Guyana (Leung, 1981). Also cultured was a Guy11 strain previously transformed with 
a GFP expressing plasmid, pCAMgfp. Complete media agar was used (Appendix E; Soanes 
et al., 2002). For long-term storage and use, filter paper stocks were created by growing M. 
oryzae isolates on 0.5 cm
2
 filter paper sections (Whatman
©
) and freeze-drying them before 
storage at -20 °C. Condia were harvested from fungal plate cultures grown on CM at 25 °C 
and 30 % humidity for 12 to 14 days by rubbing colony surface in the presence of distilled 
H2O and filtering through sterile Miracloth (Calbiochem
®
).  For transformation, originally, 
liquid cultures were created by gently rubbing the upper surface of a sporulating 9 cm petri 
dish of Guy 11 when covered in liquid complete media. This media was then decanted into a 




250 ml conical flask and filled to 150 ml. Subsequently, liquid cultures were created by 
shredding a 9 cm Petri dish of 2 week old culture growth, and mixing with 150 ml complete 
media, before decanting into a 250 ml conical flask for incubation. The culture was incubated 
at incubated 25 ˚C and 65 % humidity with a 16/8 hour light/dark cycle and agitated at 
125rpm. Liquid cultures were grown for 3 to 4 days (rubbing), 48 hours (shredding) until 
fungal matter was plentiful and then used for transformation.  
Original  Transformation Procedure 
A M. oryzae culture (in liquid complete media,) that had been grown up for 3 to 4 days was 
filtered through sterile Miracloth (Calbiochem®). The collected culture was then washed 
twice with sterile distilled H20 then with filter-sterilised OM buffer (Appendix E, 9.11). The 
culture was then placed in a 50 ml polypropylene tube and filter-sterilised OM buffer 
(containing lysing enzyme from Trichoderma species at 10 mg/ml (Sigma-Aldrich®) was 
added until the culture had achieved a medium viscosity. The culture was first gently shaken 
at 30 ˚C at 120 rpm for 15 min, followed by approximately 1.5 hrs at 60 rpm. To collect 
protoplasts this mixture was then filtered through sterile miracloth. The protoplast volume 
was overlaid with an equal volume of ST buffer (Appendix E 9.11) and centrifuged for 15 
min at 1065 x g using an Eppendorf centrifuge 5810 R (Eppendorf). The ST and OM buffer 
mixture was removed and replaced with STC buffer (Appendix E 9.11). The pellet was re-
suspended and the volume was centrifuged again for 15 min at 1065 x g (and 4 ˚C). The 
pellet was then re-suspended in 1 ml of STC buffer (concentration 1.0 x 10
7
) and the 
protoplasts assessed using a haemocytometer. Where possible, aliquots of 180 μl of 
protoplasts were removed and incubated with 10μg of plasmid for 5 to 10 min. PTC buffer 
(Appendix E 9.11) was then added in aliquots: 250 μl + 250 μl +500 μl and left for 15 min 
without agitation. Following this aliquots were centrifuged at 3000 rpm for 10 min, and PTC 
buffer was extracted. The pellet was gently re-suspended in YGS medium and agitated slowly 
at 20 rpm overnight. The following day the aliquots were plated in a mixture of 1X minimal 
media (final concentration, also containing 1.2 M sorbitol final concentration and vitamins, 
(Appendix E 9.11) and 0.6 % low boiling point agarose (final concentration). The following 
day the culture was then overlaid using the same mixture of minimal media, low boiling point 
agarose and hygromycin B (Calbiochem
©
) (firstly at overlay concentration 200 μg/ml, then 
300 μg/ml, then 600 μg/ml and finally at plate concentration 600 μg/ml [overlay 
concentration 1200 μg/ml]). Plates were then incubated at 25 ˚C and 60 % humidity with a 
16/8 hour light/dark cycle for two weeks. If possible emergent colonies were excised and 




then placed on hygromycin selective media in a 25-well plate (10 x 10 cm, with 2 x 2 cm 
wells).  
 
Modified Transformation Procedure 
Same as above except washing of mycelia with OM buffer before digest and ST overlay step, 
incubation with YGS media and use of minimal media with sorbitol were discontinued. 





Additionally, all centrifugation was carried out at 1000 x g. Protoplasts were washed from 
digested mycelia using STC buffer, into a 50 ml polypropylene tube. Tube (containing 
protoplasts and OM buffer mix) was filled with STC buffer then centrifuged at 4 ˚C for 15 
minutes. Protoplasts were washed three times with STC, and then re-suspended in 1 ml STC 
at 1.0 x 10
7
 protoplasts/ml.  150 μl aliquots were then incubated at room temperature with 4 
to 8 μg DNA for 20 minutes, followed with 1 ml of 60 % PTC for 15 min. Each aliquot was 
gently mixed by inversion. Each aliquot was then added to 150 ml molten (45 ˚C) agar 
(Complete medium/0.8 M sucrose/1.5 % agarose (low boiling point agarose, Sigma-
Aldrich
®
). This was dispensed between 5, 9 cm Petri dishes. After incubation at 25 ˚C for 16 
hours plus each plate was overlaid with 1 volume of CM agar containing at 2X hygromycin B 
to permit a final concentration of 200 µg/ml.  
 
6.4.10: Single spore isolation of transformants 
The transformation plates were incubated for up to 2 weeks at 25˚C. Plates were monitored 
and developing colonies that breeched the selective hygromycin covering were selected for 
further work. Emergents were grown on complete media agar containing hygromycin (200 
µg/ml) in a 9 cm for approximately 1.5 weeks. Following the addition of 150 µl sterile ddH20 
to the colony surface after this time a 1 cm
2
 approx section of the surface was rubbed with a 
sterile L-shaped spreader (VWR
®
) and diluted 1 in 100 times. 100 µl of the undiluted spore-
containing liquid and 100 µl of the dilution were plated separately on a bi-compartmented 9 
cm petri (VWR) and incubated for 2 to 3 days at 25 °C. After this time, colonies developing 
from a single spore were selected and placed in a separate 25-well Petri-dish (VWR) 
containing complete media with selective hygromycin B (200 µg/ml). Colonies were grown 
for 1 week before preliminary screening on a Leica MZ16F with Fluo III/edp100 UV 
attachment epifluroescence dissection microscope (Figure 6-4).     





Figure 6-4: The final screening process used to ensure transformant colony heterogeneity and to test 
promoter activity.  
 
After single spore isolation conidial solutions were germinated on onion epidermis and then barley epidermis to 
study GFP expression. Following this, successful transformants were germinated on glass and cellulose to study 
GFP expression and underwent RT-qPCR analysis. 
 
6.4.11: Preliminary screening of transformants (Gelbond) 
Early screening attempts utilised the hydrophobic side of Gelbond (Cambrex/Lonza) as a 
surface to study early-germination stage promoter activity of transformants. Approximately, 
two weeks after sub-culturing the sporulating colony surface was gently rubbed (after 
flooding with a solution of 1/1000 dilution of 1 mg/ml 1, 16-hexadecanediol [Sigma-
Aldrich
®
] in 100 % ethanol) to release condia (Thines et al. 1997). The solution was 
pippetted onto the hydrophobic side of Gelbond (Cambrex/Lonza). After incubation 
overnight the conidia were inspected using epifluroescence microscopy. All appressoria were 
identified under normal light then interrogated via blue-light. 
6.4.12: Screening (onion)  
Later screening attempts utilised the inner epidermis of the 2nd outer layer of onion (Xu et 
al., 1997). 1 cm
2 
sections of ddH2O-washed epidermis were placed on 1.5 % TWA.  




Approximately, 12 to 14 days after sub-culturing the plates the sporulating surface was gently 
rubbed (after flooding with 150 µl ddH2O) to release condia. The solution was pippetting and 
then placed onto the hydrophobic side of the onion. After incubation for 6 to 8 hrs (or at a 
time most consistent with the B. graminis f. sp. hordei promoter‟s activity) the conidia were 
inspected using epifluroescence microscopy. All appressoria were identified under normal 
light then interrogated via blue-light. 
6.4.13: Screening (barley)  
Primary leaves from 1 to 1.5 week old barley was used to test the promoter activity of 
transformed M. oryzae isolates. Abaxial epidermal sections were prepared as in section 2.  
Approximately 30 µl of conidial solution (1x 10
6
/ml) was pippetted onto the centre of the 
square for viewing after the required incubation time.  
6.4.14: Screening (cellulose) 
Cuprophan sheet (Medicell International Ltd.) were boiled three times for 10 minutes each 
followed by autoclaving at 120 °C for 15 minutes. For viewing of transformed M. oryzae 
activity 1 cm
2
 sections were placed on 1.5 % TWA. 100 µl of conidial solution (1 X10
4
/ml) 
was pippetted on to the section for viewing after the required incubation time.   
6.4.15: Screening (glass slide)  
Super premium glass microscope slides (VWR
®
) were used without pre-treatment for 
germination tests and viewing by microscopy after the required incubation time. Spore 
concentrations of 1x10
5
/ml were used as an inoculation load. 
6.4.16: Fungal DNA extraction 
This followed a protocol of Edwards et al., (1991) with modification. Briefly: approximately 
20 to 100 mg of fungal material (excised from a colony grown on CM media on a 9 cm plate) 
was ground with micro-pestles (VWR
®
) in a 1.5 ml Eppendorf tube in the presence of 400 µl 
extraction buffer (200 mM Tris-HCL, pH 7.5, 250 mM NaCl, 25 mM EDTA, 0.5 % SDS)  
and sterile sand. The samples were then centrifuged at room temperature at 18,000 x g and 
the supernatant was transferred to a new 1.5 ml Eppendorf tube. 1 volume of cold iso-
propanol was added, mixed by inversion, and the solution was incubated overnight at -20 °C. 
The samples were then centrifuged at 18,000 x g at room temperature followed by aspiration 
of the supernatant. The pellet was air dried and then re-suspended in 100 µl of TE buffer. 0.5 
to 1 µl of the extract was then used for PCR reactions.    




6.4.17: PCR screen of transformants 
For the identification of successful fungal DNA extractions a region of the fungal ribosomal 
DNA was targeted for amplification by PCR. All PCRs were performed using a PTC-200™ 
Peltier thermocycler (MJ Research Inc.). All oligonucleotide primers were synthesised by 
Sigma®-Genosys Ltd. The forward primer ITS1 (5‟-TCCGTAGGTGAACCTGCGG-3‟) and 
the reverse primer ITS 4 (5‟-TCCTCCGCTTATTGATATGC-3‟) (Figure 6-5) amplified the 
internal transcribed spacer 1 region (ITS1), 5.8s ribosomal RNA gene and internal transcribed 
spacer 2 region (ITS 2), leading to a 600 bp amplicon (White et al., 1990) . PCR program 
used was as follows: 1) 95 °C for 2 min; 2) 95 °C for 45 s; 3) 55.5 °C for 45 s; 4) 72 °C for 
40 s; 5) 30 repetitions of steps 2 to 4; 6) 72 °C for 10 min; 7) 4 °C until analysis. 
 
 
To determine successful transformation with pMJK27.2 and derivative plasmids into M. 
oryzae PCR amplification of the GFP gene within the plasmid was performed. The primers 
used include sGFP-1 (5‟-CCT GAA GTT CAT CTG CAC CA-3‟) and sGFP-2 (5‟-TGC TCA 
GGT AGT GGT TGT CG-3‟). The PCR program used was as follows: 1) 95 °C for 2 min; 2) 
95 °C for 45 s; 3) 60 °C for 45 s; 4) 72 °C for 30 s; 5) 30 repetitions of steps 2 to 4; 6) 72 °C 
for 1 min; 7) 4 °C until analysis. 
6.4.18: Fluorescence picture acquisition and wavelength emission scanning 
Pictures on germination surfaces at 0, 4, 8 and 16 h.p.i were taken using a Leica DMIRE2 
Confocal microscope. Pictures were analysed using „Leica confocal software‟. Version 2.61 
build 1537 (Leica Microsystems Heidelberg GmbH
©
 1997-2007). Laser excitation at 488 nm 
combined with scan and frame averaging was used for GFP picture acquisition. To detect the 
exact emission wavelength, laser excitation at 476 nm combined with 15 nm emission 
detection windows was used to scan wavelengths between 500 and 600 nm.     
Figure 6-5: Binding positions of Primers ITS 1 and ITS4.  
 
Used to indicate a successful DNA extraction both primers amplify the ITS 1, 5.8s rRNA and ITS 2 region, 
leading to an amplicon of approximately 600  bp.   
 




6.4.19: Infection trials  
To test infection procedures and to test the pathogenicity of transformed M. oryzae isolates 1 
week old barley (Hordeum vulgare cv. Golden Promise) plants were used in simple spray and 
microscopy tests. 2 ml solutions of Miracloth-filtered condia (1 X 10
6
/ml) from selected 
transformants were sprayed onto 1 pot each of approximately 40 seedlings (at the primary 
leaf stage of growth) and incubated at 25 °C at 30 % humidity in a 16/8 hr light/dark period 
for 1 week at ≥ 95 % humidity in isolation pot covers in perspex isolation tanks. As a positive 
control a solution of Guy11 wild-type conidia was similarly inoculated. As a negative control 
1 pot of seedlings were sprayed at the end of the experiment with pure ddH2O. After 72 hrs 
and 1 week leaves were inspected and random lesion samples (from a selection of 10 
randomly selected lesions) were taken for microscopy staining and photography at 72 hrs and 
1 week post-inoculation. This experiment was performed 3 times.       
6.4.20: Germination and life-stage frequency 
100 M. oryzae isolate spores (divided between 3 samples) on all surfaces involved in early 
germination stage studies were assessed for the stage of life-stage differentiation at 4, 8 and 
16 h.p.i. Percentages for life-stages were calculated accordingly (no. of spores at 
developmental stage/observed spores x 100).  
6.4.21: Spore and RNA collection 
Spores of M. oryzae isolates germinating on barley, epidermis, cellulose and glass were 
collected at 0, 4, 8 and 16hr post-inoculation for RNA extraction. 3 independent replicates 
were collected at each time point for all isolates. Filtered-conidial solutions (1x10
6
 spores/ml- 
2 ml per barley pot; approx 2.5 x10
4 
were sprayed on to onto 3 trays of cellulose sheets [2 ml 
per tray]; 2.5 x 10
4 
on to the glass slides. After incubation as required the surfaces were 
dipped into 5 % (w/v) cellulose acetate in acetone. In the case of barley and glass, after 
drying the cellulose acetate was stripped off and stored at -80 °C. Cellulose sheets were snap-
frozen in liquid nitrogen before storage at -80 °C.      
6.4.22: Method for RNA extraction 
As described in section 2.13. 
6.4.23: Agencourt bead cleaning 
As described in section 2.12. 




6.4.24: RT-qPCR primer design 
Primers for analysis were designed using Primer3 to have an optimum annealing temperature 
of 65 °C and produce a product size of 150 to 250 bp. GFP primers were (5‟-
CGGCAAGCTGACCCTGAAGT-3‟) and (5‟-AAGATGGTGCGTCTCCTGGAC-3‟). 
Control primers were designed to amplify the M. oryzae Guy11 version of the B. graminis f. 
sp. hordei DH14 Oxidoreductase gene used as a control for the original confirmatory RT-
qPCR microarray experiment. Actin Control primers were (5‟-
CCGTCTTCCCGTCCATTGTC-3‟) and (5‟-CAACAGAACGGGGT-3‟). Since no attempts 
were to be made to compare the Relative Expression Index (REI, i.e. the ratio of test gene and 
reference gene expression) of one test gene with that of another, primer binding 
efficiencies were not determined. Instead primer efficiencies of both the test and reference 
genes were assumed to be 1, i.e. that binding was 100% efficient. Primers for both test and 
reference genes  were supplied in excess and experiments were conducted such that the same 
primer „master mix‟ was used in all reactions for all surfaces tested. Similarly all reactions for 
a test gene were conducted within the same RT-qPCR run.  As a consequence any 
inefficiency in primer binding for either the test gene, or the control/reference gene, would 
remain constant across the surfaces tested. In turn this would mean any alterations in 
expression of the test gene  (due to the different surfaces tested) would still be detected and 
any conclusions based on these  alterations would be valid. 
 
6.4.25: RT-qPCR 
qPCR analysis followed the protocols of manufacturer (Invitrogen™) the Platinum® 
Quantitative PCR SuperMix-UDG with ROX dye. All reactions were performed upon an ABI 
systems 7500 real time PCR system. 20 μl reactions were carried out. The mix was as 
follows: 10 μl Platinum® Quantitative PCR SuperMix-UDG with ROX. Forward Primer (10 
μM) 0.4 μl, Reverse Primer (10 μM) 0.4 μl , ROX flurogenic probe (0.04 μl) and Sterile 
HPLC grade water (BDH) to total volume inclusive of 4 μl cDNA template. All analyses 
were carried out using the Applied Bio-systems Fast System SDS software (Version 1.4) and 
Microsoft Excel
©
. All primers were manufactured by Sigma
®
-Genosys Ltd. The PCR 
amplification conditions were: 20 s at 95 ˚C, then 40 repetitions of 3 s at 95 ˚C and 30 s at 60 
˚C. This was followed by a dissociation cycle: 95 ˚C for 15 s, 60 ˚C for 20s, 95 ˚C for 1.5 s 
and 6 0 ˚C for 15 sec. Following amplification threshold detection parameters (cycle 
threshold limit) were adjusted manually to optimise results. Data was logged (base 2) and 




quantities calculated by 2^-(Ct-20). Ratios were calculated by Quantity (Target)/Quantity 
(Reference). Statistical analysis was performed utilising 1-Factor ANOVA. Homogeneity of 
variances was assessed utilising the „Levene Statistic‟ and where homogeneity was not 
assured a Games-Howell post-hoc analysis was used. Where homogeneity was assured a 
post-hoc Tukey Test was employed. As a further check a Welch Test was performed to 
support the conclusions of the Games-Howell test. All analysis was performed utilising 
„PASW statistics 18, release 18.0.0 (Jul 30, 2009) SPSS inc.‟ 
 
 





6.5.1: Magnaporthe oryzae development on barley 
 
Figure 6-6: Developmental cycle of Magnaporthe oryzae strain Guy11 on barley.  
A) Non-germinated conidium. B) Germ tube emergence seen at 4 h.p.i. C) Germ tube hooking and swelling (4 
h.p.i approx). D-G) Development of appressorium proper (marked by arrow in D, 4-8 h.p.i.) followed by 
penetration of epidermal cell and formation of an invasive hypha (marked by arrow in F and G, 16 h.p.i. and 
longer). H) Creation of epiphytic mycelia formation and conidiophores, by 7 days post-inoculation. The release 
of dew/air-borne spores follows the formation of conidiophores. I) Mature Blast legions visible 7 days post-
infection of barley xv. „Golden Promise‟. Stained using Trypan blue/lactophenol and cleared with chloral 
hydrate as described in section 2.3.1 Scale bar (images A-G) = 10 µm approx. Scale Bar (image H) = 150 µm 
 
To observe the developmental progression of M. oryzae on barley throughout the asexual 
developmental cycle, barley leaves were infected with spores from M. oryzae strain Guy 11, 
an isolate known to be pathogenic on both rice and barley. At time points relevant to Bgh 
development (0, 4, 8, 16 h.p.i. and 7 d.p.i.) leaves were stained with trypan blue to allow 
observation of the equivalent stage of M. oryzae development. As with Bgh the infection 
starts with a conidium landing on a surface (Figure 6-6A). Visible by 4 h.p.i., a short germ 
tube emerges (Figure 6-6B). This germ tube elongates, hooks and swells to form a prominent 
appressorium that supports host invasion (often developing by 4 h.p.i., with melanisation 
readily visible by 8 h.p.i (Figure 6-6: C, D, E). By 16 h.p.i., the formation of an invasive 




hypha was evident (Figure 6-6: F, G). Although in appearance a less complex structure than 
the dedicated haustorium of Bgh such hyphae sustain the formation of epiphytic mycelia 
growth across the leaf surface. From this mycelia airborne/dew-borne spores develop on 
conidiophores (Figure 6-6H). Approximately 1 week after inoculation the symptomatic grey 
necrotic lesions (Figure 6-6I) associated with M. oryzae infection are easily visible to the 
eye. It is within these lesions that the conidiophores are found. In conclusion, the 
development of these features correlate with the similar structures of Blumeria graminis f. sp. 
hordei at these time points.  
6.5.2: Transformation and screening of Magnaporthe oryzae with Bgh CMEG 
Promoter/GFP plasmid constructs 
In order to test the hypothesis that promoters of Bgh genes (found to be responsive to 
different surface stimuli) may be similarly regulated. The 5‟-regulatory regions from 22 
different CMEG genes (from 9 separate clusters) (listed in Appendix 9.9) were cloned into 
the plasmid backbone of pMJK27.2 by Dr. Maike Paramor and Dr. Calin Andras. This 
plasmid features a sGFP gene driven by the endogenous M. oryzae MPG1 hydrophobin gene 
promoter. After confirmation of the CMEG regulatory regions successful replacement of the 
MPG1 Promoter, these regulatory region/reporter constructs were transformed into M. 
oryzae. At times during this process (transformation, screening and harvesting) the author 
received help from Natasha Cain and Nurul Ismail. 
 
Early transformation attempts followed a previously determined protocol (section 6.4.9) and 
featured selection pressures of 100 μg/ml to 600 ug/ml hygromycin B. Later attempts follow 
a modified protocol recommended by Dr. Mick Kershaw (University of Exeter) (Section 
6.4.9). For both protocols the creation and isolation of protoplasts, the regeneration of M. 
oryzae colonies and the germination of conidia from these colonies was feasible (Figure 6-7).  
 
Although yielding colonies that grew well on selective media, attempts based on the original 
protocol did not lead to successful transformation, as indicated by GFP expression.  
Experiments featuring non-transformed protoplasts incubated on 200 μg/ml selective media 
overlays (100 μg/ml final concentration) revealed a high background of non-transformed 
protoplasts surviving the treatment regime. Attempts were first modified to increase the 
selection to 150 μg/ml and then 300 μg/ml. Further modification took place in the use of 
multiple plates rather than a sole plate for the regeneration of protoplasts. This allowed for a 




reduction in hygromycin B selection pressure whilst also reducing protoplast background. 
Similarly, a change to the use of 60 % PEG solution was initiated. 
 
 
Figure 6-7: Magnaporthe oryzae transformation and screening.  
A) Regenerating mycelia. After shredding a 1.5 week old Guy 11 colony, M. oryzae colonies were left to 
regenerate for 3 days in liquid complete media before the creation of protoplasts (B). C and D) After 
transformation protoplasts were mixed with agar and plated in hygromycin-laced selective complete media. 
Colonies that were transformed grew faster than surrounding colonies (arrow) and breeched the hygromycin 
selective layer first. These colonies were selected for further analysis (E). Scale bar B) = 8 µm approx. C and 
D) 1.24 cm approx E) 2 cm 
 
Although these steps led to a reduction in background the majority of colonies sub-cultured 
often failed to show the phenotype of development consistent with wild-type Guy 11 or Guy 
11 transformed with pCAMgfp (a positive control) on either selective or non-selective media. 
Selected colonies, often exhibited uneven growth and demonstrated a sectored appearance. 




Combined with this, spores that had germinated failed to fluoresce when checked with 
epifluroescence microscopy.  
 
Accordingly as noted in section 6.4.9, the procedure was altered by discontinuing the 
overnight incubation in YGS and the use of sorbitol-containing minimal media for 
regeneration. Also Glucanex enzyme was used instead of lysing enzymes from Trichoderma 
species. This change lead to the successful transformation (as indicated by even growth on 
hygromycin of colonies) of M. oryzae with the Bgh regulatory region/GFP reporter 
constructs. In total 504 colonies, representative of transformations of 22 different 
promoter/reporter constructs, grew on media containing concentrations 200 to 600 μg/ml 
hygromycin B and with similar appearances to that of the wild-type Guy 11 isolate (Figure 
6-8). These colonies were then screened for fluorescence according to protocols in section 
6.4 
 
Figure 6-8: Growth of M. oryzae wild-type strain (Guy11) and transgenic M. oryzae strains growing on 
complete medium (CM) and complete medium containing hygromycin B. (source: N. Cain)  
Transgenic strains displayed in this image contained either the pMJK27.2 plasmid or a plasmid containing the 
5‟-regulatory region of EST C00879. Plates were made containing CM only or CM + 150 µg/ml Hygromycin B. 
The colonies were allowed to grow for 7 days before inspection. The effect of Hygromycin B on the 
untransformed Guy11 is clearly visible as a reduction in growth and a stunted sectored appearance.  
As shown in Figure 6-7 (C, D), during transformation certain regenerating colonies began to 
grow at faster rates than others, with a lesser number appearing (within the 2-3 weeks after 
transformation) to continue growth through the selective overlay. These emergent colonies 
were selected for further analysis. Early screening consisted of selected colonies being grown 
within multi-welled petri dishes (Figure 6-7E) and sub-cultured multiple times on selective 
media (at 200 μg/ml Hygromycin B) before undergoing germination analysis and 
epifluroescence microscopy on the hydrophobic surface of gelbond, a substrate used in 
previous M. oryzae germination studies (Thines et al., 1997) (Figure 6-9). 





However, due to the colony size being limited to 4 cm
2
 only small numbers of conidia were 
produced. This made visual screening time consuming. Subsequently, further sub-culturing 
took place with individual colonies grown upon 9 cm Petri dishes. Additionally, the gelbond 
surface used to stimulate germination exhibited a level of background fluorescence that made 
the screening of suspected isolates difficult. As a result colonies were then analysed by direct 
inspection of colony mycelia whilst still on the plate, and via the germinating of spores of 
onion epidermal peels, using epi-fluorescence microscopy (Figure 6-9; Figure 6-10). 
 
Figure 6-9: Magnaporthe oryzae germination screening. 
A) Germination with appressorial formation (8 h.p.i.) of spores of an M. oryzae strain transformed with 
pMJK27.2 on gelbond. B) Fluorescence of the same image, via blue light illumination as visualised though a 
FITC filter ( BP450-490, FT510) C and D) The same M. oryzae pMJK27.2 transformant during germination and 
appressorium formation on onion epidermis. Scale Bar = 20 µm 
 
During the observational screen an isolate of Guy 11 previously transformed with a plasmid 
containing GFP, pCAMgfp was used as a positive control to assay for fluorescence (section 
3.3) (Figure 6-10). During transformation itself the vector pMJK27.2 functioned as a 
transformational positive control. Following its successful incorporation into M. oryzae, 
because of the brightness of fluorescence exhibited by the germinating spores, the 
transformants then became a positive control for all observational studies.   




Although not definitive for the presence of GFP, during observation of M. oryzae 
germination and colony formation, screening by epifluoresence microscopy employing filters 
allowed a rapid visual determination of autofluorescence. As shown in Figure 6-11 when 
viewed through filter set (BP450-490, FT510) Figure 6-11:B) both fluorescence (GFP or 
autofluorescence) was easily visible. Importantly under filter set (BP565/30, FT585,  
BP620/60) autofluorescence was still easily 
visible, whilst that associated with GFP was not 
Figure 6-11 (compare figure D and G). One 
drawback to using this filter as a sole indicator 
of GFP presence was that low level 
autofluorescence was harder to pick up visually. 
 
 In cases where such a situation arose filter set ( 
BP485/20, FT510, LP515) was used as a further 
level of assessment. When viewed through this 
filter GFP fluorescence appeared greener in hue 
than autofluorescence which appeared yellow 
(Figure 6-11, C). This test, combined with the 
use of hygromycin selective media, allowed a 
sorting of colonies for further testing which 
included confocal microscopy with wavelength 
analysis to conclusively prove the presence of 
GFP at set time points during development.     
 
Combined with this use of visual screening, PCR 
analysis was used to determine the presence of 
the GFP gene in transformants that, although 
successfully growing on hygromycin media, 
were not observed to fluoresce. A simple method 
of DNA extraction, first developed by Edwards et al., for use on plants, was adapted to permit 
large scale screening of colonies (333 of the total). ITS region specific primers for PCR were 
used to indicate successful DNA extraction by the amplification of a product approximately 
600 bp in size. GFP specific primers were then used to indicate which of these colonies 
Figure 6-10: M. oryzae Guy 11 transformed 
with pCAMgfp. 
 
Strain is growing on complete media containing 
150µg/ml hygromycin. A gift from Dr. Anna 
Sesma, John Innes centre this isolate was used 
for familiarisation of GFP. A) White light 
image. B) Epifluorescence image Filter Scale 
Bar =  10 µm 
 




contained the GFP gene by permitting amplification of a PCR product approximately 500 bp 
in size. Figure 6-12 illustrates an example of this.  
 
 
Figure 6-11: Blue-light epifluroescence images of Magnaporthe oryzae mycelia grown on complete media 
viewed through discriminatory filters.  
A) White light image of a mycelia crush of a potential M. oryzae transformant for EST D00154. B-D) Mycelia 
viewed via epifluroescence through filter set B)  BP450-490, FT510; C) BP485/20, FT510, LP515; D)  
BP565/30, FT585,  BP620/60. The presence of fluorescence when viewed through all filter sets indicates the 
presence of autofluorescence. E) Non-germinated spore of M. oryzae transformed with pMJK27.2. F) Spores 
exhibiting GFP fluorescence under blue-light. G) Spores as viewed through filter set  BP565/30, FT585,  
BP620/60. Oval indicates position of spores. Scale Bar = A-D 40 µm approx. F-G) 25 µm approx. 
 
To summarise these tests, it was revealed a successful GFP transformation rate of 
approximately 17.9 % which suggested significant numbers of the hygromycin-resistant 
colonies retained solely the hygromycin resistance gene (although this was not tested by 
specific PCR examination). Nevertheless transformants were confirmed by epifluoresence 
microscopy and/or PCR analysis to have successfully incorporated certain Bgh promoter/GFP 
constructs. Several transformants were observed for the promoter of EST C00750 (encoding 
a protein with similarities to CAP20) but did not prove stable and so could not be analysed. 




Additionally one unstable transformant was observed, and confirmed by PCR, for the 
promoter of EST C01157 (encoding a protein disulphide isomerise precursor involved in 
electron transport). Conversely 3 stable transformants for the Bgh promoters for EST C00879 
(believed to drive expression of a mildew H4 histone gene), (referred to as C00879 „A‟, „B‟, 






















(regulatory region for an aconitase involved in carbohydrate metabolism) were generated. 
Additionally, to test the hypothesis that regions of the promoters most critical for their 
functions would show higher evolutionary conservancy than non-critical regions, a shortened 
version of the regulatory region of EST C00879 (from this point onwards referred to as 
C00879[s]) containing the most evolutionary conserved section of the putative promoter 
region was inserted in replacement of the MPG1 promoter and was also transformed into M. 
oryzae (sequence available in Appendix E 9.12). 3 independent, stable transformants were 
successfully generated (from now on labelled as „A‟, „B‟, „C‟). All of these transformants are 
in addition to 3 independent transformants of the vector pMJK27.2, used as a positive control 
Figure 6-12: Gel electrophoresis of results of PCR–based transformant screening.  
A) Results of PCR amplification using ITS region specific primers. Bands indicate successful extraction of 
fungal DNA from colonies. Lanes 1-12 are separate DNA extractions from M. oryzae transformant colonies, m 
= Generuler
 ™ 1 Kb DNA plus ladder (Fermantas). 1.5 % agarose gel. B) Results of PCR using GFP specific 
primers with DNA extracted from transformant colonies as a template. Lanes 1-3, 5 and 7 indicate successful 
amplifications. These samples include DNA extracted from colonies containing the promoter construct for EST 
C00879 (lane 2). M = Generuler
 ™ 100 bp DNA ladder (Fermentas). 1.5 % agarose gel. Numbers alongside 
ladder indicate base pair number.     




for transformation optimisation. Due to their fluorescence it is these transformants of the full-
length and shortened selected regulatory regions of C00879 and the proposed regulatory 










D00146 Cap20 Retinal Short Chain 
Dehydrogenase Reductase 
29 (6) 2 
C00750 Cap20 Cap20 56 (17) 1 
C00741 Cap20 Signal Recognition Particle 
54 kDa protein homolog 
18 (3) 1 
C00222 C00206 Unknown 5 (2) 1 
D01230 C00206 ATP- synthase Protein 9, 
Mitochondrial Precursor 
13 (4) - 
C00082 C00206 Gamma subunit of the F1 
sector of mitochondrial 
F1F10 ATP synthase 
14 (3) - 
D00095 C00206 60S ribosomal subunit 
nuclear export factor 
28 (8) 5 
D00651 C00206 Malate dehydrogenase 17 (4) 2 
C00879 C00206 Histone H4 3 (3) 3 
C00879(s) C00206 Histone H4 4(4) 4 
BG22203 Haustoria specific Glutamate decarboxylase 53 (13) 1 
C01420 C01417 Aconitase (carbohydrate 
metabolism) 
24 (7) 1 
C01157 C01417 Protein Disulfide Isomerase 
Precursor 
12 (2) - 




20 (5) - 
C01518 C01417 Unknown 22 (5) 1 
C00010 C01417 Fructose bisphosphate 
aldolase 
35 (6) 3 
D00014 D00933 MepB (metalloproteinase) 18 (5) 2 
D01317 D00952 Alternative oxidase gene 24 (6) 4 




22 (4) 1 
C00606 Cluster leader Unknown 11 (3) 3 
D00573 - Small GTPase 50 (11) 4 
D00451 - Unknown 14 (3) 5 
C00056 C06011 Unknown 18 (5) - 
Table 9: Summarisation of results of both visual and PCR screening of M. oryzae transformants 
containing a CMEG 5‟-regulatory region/GFP fusion. 
EST Library identifier indicates the name of the EST used during the original microarray analysis. CMEG 
Cluster Leader indicates the EST providing the most representative expression profile. Stable Transformants 
indicates the numbers of colonies stably growing on hygromycin selective media. Number in brackets indicates 
number of independent transformations from which these colonies originate. GFP confirmed indicates the 
number of colonies confirmed by PCR to contain the GFP gene.   
 




6.5.3: Pathogenicity assay on barley 
All stable transformants for the regulatory region of EST C00879 (full-length and shortened), 
and the regulatory region of EST C01420, alongside 1 isolate of Guy 11 transformed with 
pmjk27.2 and one wild type Guy 11 isolate as controls were tested for their ability to 
complete their life cycle on barley. Although virulence differences between isolates were 
expected due to the random nature, and multiple events, of construct insertion this basic test 
would give an indication of any critical disruption or enhancement to disease pathways of the 
disease cycle caused by the transformation process. 
 
Although the close proximity of M. oryzae spores to one another can lead to mutual inhibition 
of germination, signals present on the leaf surface may relieve this inhibition. Therefore 
simple inoculation tests were used to ascertain the correct concentration of condia to be 
sprayed onto the barley leaves. Consequently, 1 X 10
6
 conida/ml spore solutions (in the case 
of EST C00879 promoter isolate „A‟ solutions of 1X 104 conidia/ml were used due to its 
reduced sporulation rate compared to both wild type and other C00879 promoter 
transformation isolates) were sprayed onto 7-day-old barley and 5-7 days after infection 
plants were inspected for their ability to form lesions. In a simple assay 30 lesions per isolate 
were inspected and compared to those caused by the wild-type Guy 11 infection. Indicative 
results are shown in Figure 6-13 and Figure 6-14. Non-infected barley leaves remained 
healthy, with, in some cases, a small degree of dark speckling. This was later attributed to 
prolonged contact with soil after germination and was similarly also present in infected 
leaves. As shown in Figure 6-14 all isolates were able to infect barley and formed the 
necrotrophic lesions associated with Rice Blast infection of barley. Lesions formed by 
isolates C00879 „B‟, C00879 „C‟, C00879[s] „A‟, C00879[s] „B‟, C00879[s] „C‟, the Guy 11 
wild-type and pmjk27.2 containing Guy 11 isolate were of a similar type. To generalise 
although the lesions themselves appeared a dark grey (showing a degree of translusence as 
tissue death spreads) it was surrounded by a slightly darker green margin. The leaf epidermis 
itself showed a slight chlorosis spreading from the lesion into the surrounding tissue. This 
chlorosis was most apparent around larger lesion types. Such lesions (approximately 5 mm in 
length) appeared equivalent to lesion categories Type 4/5 (as defined on rice by Valent and 
Chumley, 1991). However, instead of a lighter tan centre to the eyespots present during that 
study, gray mycelia was present in these lesions. As noted by Valent and Chumley (1991) 
this mass was associated with conidiation. Trypan blue staining of these infected leaves 
indicated that all isolates were capable of completing their lifecycle (defined as the formation 




of mature conidiophores and spores) and were therefore pathogenic.  It should be noted 
however that although capable of forming mature lesions isolate C00879 promoter isolate 
“A” (previously noted for its reduced sporulation) and the isolate C01420 formed smaller 
lesions (approximately, on average, 2 mm in size). These were equivalent in appearance to 
the type 2 lesions noted by Valent and Chumley (1991). Although still considered pathogenic 
due to an ability to sporulate, this reduced lesion size may suggest a reduction in virulence of 
these two isolates, possibly due to a reduced rate of development on the leaf. Inspection of 
early stage pre- and post- penetration stage infection events suggested that the attenuation 
was not overtly present at these points and so may feature solely in later stages of 
development.       
 
 
Figure 6-13: Transformed Magnaporthe oryzae strain pathogenicity assay. 
Transformed strains of Magnaporthe oryzae strain Guy 11 showing infection on barley leaves, 7 d.p.i. approx. 
The upper set of images indicates visible eyespot lesion symptoms whilst the lower set indicates lesion 
symptoms visible after staining with trypan blue.  A) Non-infected barley leaf. The slight speckling associated 
with prolonged soil contact is apparent on the lower leaf. B and C) C00879 isolates „B‟ and „C‟ respectively. 
The lesion appears similar to „Type 4/5‟ lesions as categorised by Valent and Chumley, 1991 D) C00879 isolate 
„A‟. The lesion appearance suggests a similarity to a type 2 in size.  E-G) C00879[s] isolates „A‟, „B‟, „C‟ 




showing lesions symptoms equivalent to eyespot Type 4/5. H) C01420 isolate „A‟ showing similarity to isolate 
Type 2. I) Wild-type Guy11 infected leaf. Inset pictures show lesions at closer magnification. 
 
Figure 6-14: Blast lesions on the barley leaf caused by transformed M. oryzae strains.  
A-C) lesions caused by C00879 isolate „A‟-„C‟. D-F) C00879[s] isolate „A-C‟ lesion. G) C01420 isolate „A‟ 
lesion. H) infected with Wild-type Guy11 lesion. I) Uninfected barley leaf. Inset pictures show the necrotic 
lesions, or leaf at a lower magnification. Lesions were stained after 10 d.p.i. with lactophenol/trypan blue and 
then cleared in chloral hydrate. 
 
 
In conclusion although some transformants exhibited lower virulence than others all isolates 
tested retained pathogenicity. As such all were eligible for further testing.  
6.5.4: Application of transformants to target surfaces 
Before determining GFP expression after application to different surfaces of the various 
CMEG promoter/GFP, it was necessary to assess the correct spore concentration and delivery 
method for the inoculum. An inoculation test with a range of spore concentrations on the 
selected surfaces (barley leaf epidermis, glass slides and cellulose sheets) indicated spore 
concentrations that permitted both maximal germling development (section 6.4.20) on that 
specific surface as well as maximised the ability to harvest RNA for quantitative real-time 




PCR analysis. It was observed that on barley spore suspensions of 1 x 10
6
/ml allowed full 
life-cycle development without any significant self-inhibition between spores. Similarly 1 x 
10
4 
spores/ml permitted the development of appressoria on cellulose, with higher 
concentrations reducing the likelihood of this stage of development. On glass the maximum 
level of development attained was the formation of germ tubes (at 1 x 10
5 
spores/ml or less). 
Therefore these concentrations were selected to offer similar development to that of Bgh 
development also seen on these surfaces.  
 
In regards to the application of the spores to the surfaces, spraying was believed to be the 
most efficient application method as it would permit an even coverage of the test surface. 
Even so perceived disadvantages regarding this method included the damage incurred by the 
spores due to shearing forces present on passage through the sprayer nozzle as well as during 
surface impact. As shown in Figure 6-15 tests where spores were sprayed from a 5 cm 
distance onto glass slides revealed that spore integrity would remain unaffected by the 
spraying process. Another consideration was that the evaporation of the spore solution and a 
reduction in humidity to levels detrimental to germination and appressorial formation could 
also occur. As such glass slides and cellulose sheets were mounted on 1.5 % TWA held in 
closed top trays and had a minimum of 2 ml of spore solution applied per tray. Barley plants 
were sealed in using isolation top covers allowing the maintenance of humidity levels at over 
90 % at 25 °C. 5 ml of spore solution was applied per pot, at a distance of 5 cm from the 
barley seedlings. This provided enough moisture for development without the risk of droplet 
run-off from the barley seedlings. These measures permitted M. oryzae development on these 
target surfaces during the required time periods.          





Figure 6-15: Spray inoculation test of M. oryzae on glass and barley.  
 
A and B) Spores from M. oryzae transformed with promoter C00879 (isolate „A‟) sprayed on to glass. White 
light view and epifluorescence showing spore integrity has been maintained. Central picture) 7-day-old barley 
plant sprayed with spore inoculum. Scale bar = 10 µm. 
 
6.5.5: M. oryzae transformants developing on target surfaces 
As a prelude to quantitative real-time PCR (aimed at determining the abundance of GFP 
mRNA as driven by these CMEG promoters on barley and other surfaces), M. oryzae 
transformants containing the C01420 promoter/GFP construct, the C00879 full length 
promoter/GFP construct and the shortened C00879 promoter/GFP construct were viewed at 
various stages of their lifecycle on barley, cellulose and glass surfaces to determine if GFP 
could be visualised. Alongside investigation of promoter-driven GFP behaviour at times (0, 
4, 8 and 16 h.p.i.) relevant to differential activity of CMEGs on substrate surfaces of different 
inductive properties, transformants were inspected for the presence of GFP during colony 
growth. Additionally observation occurred at 31 h.p.i. when relatively well developed 
invasive growth should be present when infecting the barley leaf. Mycelial preparations of 
transgenic colonies were also viewed. At the time points viewed emissions were analysed to 
determine the peak wavelength emitted. Development stages as shown by Magnaporthe 
oryzae wild-type strain Guy11 and transformants are summarised in Table 10.    
 




























Barley ++ ++ ++ + - - 
Cellulose + + - + + + 
Glass + - - ++ - - 
Table 10: Developmental stages as seen during M. oryzae wild-type and transformant strain 
growth on barley, cellulose and glass.   
+ = stage observed ++ = very common - = stage absent 
 
Activity of promoters of EST C01420 and EST C00879 during colony growth 
As can be seen in Figure 6-16 and Figure 6-17 GFP is present in hyphae, developing 
conidiophores and also mature spores in colonies of M. oryzae transformants of C00879 and 
C01420 promoter/GFP constructs. The presence of the GFP in the mature spores was seen for 
all transformants, and importantly, in all the cellular compartments when spores were added 
to all the test substrates. As such these images indicate CMEG promoter activity in M. oryzae 
at 0 h.p.i. It should be noted that all independent C00879 transformants showed similar 
properties and as such only one set of images (collated from images collected from all 
isolates) has been presented as an example of behaviour.   
 
On comparison with the fluorescence exhibited by similar structures of the wild-type Guy11 
(shown in the Appendix E 9.13), which appear quite dark in comparison (with fluorescence 
often being limited to cell walls) the brighter fluorescence in the transformant is easily 
apparent. M. oryzae transformed with pMJK27.2 acting as a transformational positive control 
is also shown (Appendix E 9.14). To ensure that fluorescence was primarily due to the 
presence of GFP wavelength emission scanning was performed on randomly selected regions 
of interest. Exciting the tissue at 476 nm allowed analysis of all fluorescence wavelengths 
emitted between 500 nm to 600 nm. Wavelength spectra graphs displayed in all figures 
(Figure 6-16 to Figure 6-36) are expressed as a function of relative fluorescence units 
according to the wavelength (measured from 500 nm to 600 nm). The region of interest for 
which they relate are labelled on the adjoining fluorescence image (and are identifiable by 
their colour). As is shown in Figure 6-16 C, F, I and Figure 6-17 C, F, I the emission 




maxima appears in the region of 507-510 nm, associated with the maximal fluorescence of 
GFP (Czymmek et al., 2002). Autofluorescence, as seen in appendix Figure 9.1D-F 
(Appendix E, 9.13), provided returns with multiple peaks in the region of 520 nm or higher. 
As a consequence of these results it may be assumed that the promoters of EST C01420 and 
C00879 (driving expression of an aconitase and H4 histone in Bgh) are active during this 
time period and in the cell types observed.  
 
Figure 6-16: Mycelial preparation of M. oryzae transformed with C01420/GFP growing on hygromycin B 
selective complete medium.  
A) Hypha growing through agar. B) Confocal fluorescence image of hypha. Green notation equates to the 
„Region of Interest‟ selected for wavelength analysis. C) Emission spectrum showing peak approximately 510 
nm, which accords to the region associated with GFP fluorescence. D) Putative developing conidiophore. E) 
Confocal fluorescence image of developing conidiophore. Dark section indicates a lack of GFP, with selected of 
region of interest in close proximity to this. F) Emission Spectrum indicating a weak peak near 510 nm. Other 
peaks are associated with autofluorescence G) Mature M. oryzae spore. H) Confocal fluorescence image of 
mature M. oryzae spore. This equates to the baseline activity of the C01420 promoter at 0 Hours on all surfaces.  
I) Emission spectra, with emission maxima at 507-510 nm, suggesting that the fluorescence in all compartments 
of the conidium is due to the presence of GFP. Scale Bar = 10 µm.  Emission spectra axis:  X-axis is 
wavelength (nm), Y-axis equates to relative fluorescence units. 





Activity of promoters of EST C00879 and EST C01420 during growth on barley leaf 
epidermis 
 
As a direct test of the feasibility of using M. oryzae as a heterologous test organism for future 
analysis of CMEG promoters, observations were made to detect the presence of GFP during 
Figure 6-17: Mycelial preparation of M. oryzae transformed with C00879/GFP growing on hygromycin B 
selective complete medium. 
 A) Hyphae and spores growing on complete medium and selective hygromycin, isolate C00879, „B‟. B) 
Confocal fluorescence image of hyphae. Region of interest, selected for wavelength analysis are visible 
(labelled in green, purple and orange) C) Emission spectra. Strong Peaks in the region of 505 to 510 nm.  D) 
Developing condiophore E) Confocal fluorescence image of developing conidium, with central cell 
compartment lacking GFP. F) Emission Spectra. Emission maxima at 505 to 510 nm. G) Mature M. oryzae 
spore on barley. Inset picture shows lower magnification o spore, with two others lying on the leaf. H) Confocal 
fluorescence image of mature M. oryzae spore. This equates to the baseline activity of the C00879 promoter at 0 
Hours on all surfaces, in isolate C00879 „C‟.  I) Emission spectra. Scale Bar = A-F) 8 µm G-H) 4 µm approx. 
Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 




M. oryzae development on barley. As previous research had monitored the activity of the 
genes from which these promoter derive in Bgh at 0, 4, 8 and 16 h.p.i. on the different test 
substrates, the same time points were chosen during M. oryzae development on barley 
(section 6.5.1: Magnaporthe oryzae development on barley). Additionally viewing was 
also conducted at 31 h.p.i. According to these studies at 4 h.p.i. M. oryzae germ tube 
formation is present, although often by this time appressorial development would also be 
apparent. By 8 h.p.i. mature appressorium formation by M. oryzae is evident, whilst by 16 
h.p.i. and 31 h.p.i. penetration of the leaf surface and the development of invasive hyphae is 
visible. All isolates tested during this study followed such patterns of development (although 
they did show variation in the frequency of developing such structures).  
 
At 4 h.p.i. in germlings of both C01420 and C00879 transformants, GFP fluorescence was 
present at the various time-points, and confirmed by wavelength analysis, within the germ 
tube cytoplasm as this structure developed (Figure 6-18 A, B, C and Figure 6-20 A, B, C). 
Appressoria had also begun to develop, and GFP built up within these structures suggesting 
expression occurred in this cell type (Error! Reference source not found.Figure 6-18 D, E, 
F, and 6-20 D, E, F). In comparison the M. oryzae wild-type strain appressoria showed only 
low levels of autofluorescence (Appendix E 9.13, Figure 9.1 A-C). 
 
By 8 h.p.i., the majority of spores in the isolates tested on barley leaves were forming 
appressoria (e.g. an average of 93.8 % ± 2.93 % s.d. in the case of C00879 „A‟). Figure 6-18 
G, H, I, J, K and Figure 6-20 G, H, I). In all transformants these structures appeared to 
contain the greatest concentration of GFP, and as a result glowed the brightest of all the 
structures observed over the time points. This may have been the consequence of direct GFP 
production within the appressorium, or due to an influx of the molecule during sub-cellular 
movement of internal stores of the spore, or both.  
 
Interestingly the lysis and emptying of different cellular compartments became apparent 
during M. oryzae development. Although more work would be needed to clarify this point it 
appeared that the cell closest to a functioning appressorium began to empty first (as seen by a 
reduction in GFP, potentially, as the lytic vacuole increased). Then as time progressed, and as 
components from the two other cells within the spore were mobilised, the spore closest to the 
appressorium appeared to “re-fill”, leaving the cell furthest away as the most empty. By 16 
h.p.i. the spores had begun to invade the host cell, and invasive hyphae were vsisible within 




the epidermis (in the case of C00879 „C‟ 35 % ± 3.49 % s.d. of spores had begun (Figure 
6-19 L, M, N, O, P and Figure 6-20 J, K, L, M, N, O). The invasive hyphae of all 
transformants showed some fluorescence, although in cases this could be weak- potentially 
either as a result of “dilution” of the GFP molecule in a larger cytoplasmic volume or because 
of reduced promoter activity (Figure 6-19, P). By 31 h.p.i it was apparent that promoter 
C01420 in the sole isolate studied did not appear to be active as no GFP was present (Figure 
6-19 T, U, V). In comparison, the well developed hyphal structures of C00879 promoter/GFP 
construct transformants showed some fluorescence- although as seen in Figure 6-21 S, T, U, 
this was often limited to cytoplasmic regions outside the vacuole.  
 
To summarise these results it appeared that GFP expression as driven by the selected 
promoter region of EST C00879  was present in developing structures formed at all time 
points of observation on barley. If GFP decreased in a particular cell type this could be 
explained by the auto-phagocytotic cell death combined with the M. oryzae lifecycle 
(Veneault-Fourrey et al., 2006). GFP expression as driven by the 5‟-regulatory region of 
C01420 was present in all developing structures bar invasive hyphae at 31 h.p.i.    
 
As support for conclusions drawn from the pathogenicity assay of section 6.5.3 the early 
development over the time period studied of both C00879 isolate „A‟ and the C01420 isolate 
did not appear to differ from that of isolates C00879 „B‟ and „C‟ which produced barley 
equivalent Type 4/5 lesions. As such these isolates were included in qRT-PCR studies 
detailed below.  





Figure 6-18: Development of M. oryzae transformed with C01420/GFP developing on barley leaf 
epidermis at 4 and 8 h.p.i. 
 A) Spore with developing germ tube on barley at 4 h.p.i. B) Confocal fluorescence image of germling, with 3 
regions of interest highlighted C) Emission spectra with peaks clustering at 510 nm. D) Spore with a developing 
appressorium at 4 h.p.i. E) Fluorescence image F) Emission spectra suggesting the presence of GFP in cellular 
compartments. G) Spore development with melanised appressorium present at 8 h.p.i. on barley. Dashed inset 
pictures indicate regions on different focal plains) H/J) Confocal fluorescence image of the developing M. 
oryzae spore at different focal planes  I/K) Emission spectra with maxima at 508 nm approx. Scale Bar = A-E) 
8 µm, G-H) 5 µm.  Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence 
units. 





Figure 6-19: Development of M. oryzae transformed with C01420/GFP developing on barley leaf 
epidermis at 16 and 31 h.p.i.  
L) Developing spore at 16 h.p.i. (dashed inset pictures indicate regions on different focal plains). M/O) 
Confocal fluorescence image of hyphae with regions of interest labelled. N/P) Emission spectra showing peak 
approximately 510 nm, although peak present in P is weak. Q/T) Germling at 31 h.p.i. (inset shows lower 
magnification image) R/U) Confocal fluorescence image of the germling and internal hyphae. No GFP appears 
present. S/V) Emission Spectra with multiple weak peaks suggest no GFP is present. Scale Bar = 5 µm. 
Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 
 
 





Figure 6-20: Development of M. oryzae isolates transformed with C00879/GFP developing on barley 
leaf epidermis at 4-16 h.p.i.  
A) Spore with developing germ tube on barley at 4 h.p.i. The germ tube appears to not contact the barley 
leaf surface as its tip is just out of the plane of focus. B) Confocal fluorescence image of germling, with 4 
regions of interest highlighted C) Emission spectra with peaks clustering at 510 nm suggesting the 
presence of GFP in all compartments -adjoining conidial cell. D) Spore with developing appressorium at 4 
h.p.i. E) Fluorescence image showing a reduction of GFP in the appressorium-adjoining conidial cell. F) 
Emission spectra suggesting the presence of GFP in all cellular compartments, although the peak indicated 
by the orange spectra (analysing GFP content in the cell adjoining the appressorium) suggests GFP 
presence is weak. (continued overleaf) Scale Bar = A-B) 8 µm, D-E) 5µm approx 
 




Figure 6-15 contd. G) Spore development with melanised appressorium present at 8 h.p.i. on barley. H) 
Confocal fluorescence image of the developing M. oryzae spore, with highly fluorescent appressorium, and 
conidial body cells exhibiting reduced fluorescence. I) Emission spectra with strong maxima at 508 nm approx. 
J/M) Developing germling at 16 h.p.i, dashed boxes indicate structures at different focal plains. K/N) Confocal 
fluorescence image of the developing structures, showing highly fluorescent appressoria and invasive hyphae. 
Regions of interest are labelled. L/O) Emission Spectra showing emission wavelength associated with their 
equivalent region of interest. Although the majority of structures analysed suggest the strong presence of GFP, 
the germ tube and spore as shown in image N (ROI is labelled in purple and green respectively) suggests 
fluorescence is weakening in these structures.  Scale Bar = A-E) 8 µm, G-H) 5 µm. Emission spectra axis:  X-




Figure 6-21: M. oryzae isolates transformed with C00879/GFP developing on barley leaf epidermis at 31 
h.p.i.  
A/D) C00879 isolate „C‟ germling development at 31 h.p.i. on barley., showing the invasive hyphae present. 
Inset pictures show the structures at a lower magnification. B/E) Confocal fluorescence image showing GFP 
appears weak in above surface structures, whilst in invasive hyphae it appears excluded from the vacuole. C/F) 
Emission spectra. Scale Bar = 10 µm approx. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates 
to relative fluorescence units. 
Activity of promoters of EST C00879 and EST C01420 during growth on cellulose 
As with Bgh, germination on cellulose does not permit the full life-cycle of M. oryzae to 
occur. Although inspection of the underlying TWA (used to maintain hydration of cellulose) 
was conducted, no invasive hyphae were observed. As with Bgh, germination and 
development of M. oryzae appears delayed as the highest level of development attainable on 
this surface, the formation of appressoria, is reached by fewer spores and often at slightly 
later times (for example in the case of the single isolate C01420 where by 31 hrs 62 % ± 17 
% s.d. formed appressoria). As such the author concludes the cellulose used in this study only 




permitted the formation of appressoria (and if penetration did occur) the lack of development 
inducing signals caused development to cease before invasive hyphae were obvious.  
 
As with the behaviour of the C00879 and C01420 promoters in M. oryzae on barley, GFP 
appears to be present in all life-stages viewed on cellulose. These results are displayed in 
Figure 6-22 through  
Figure 6-25. At 4 h.p.i. where germ tubes were present, and in cases where terminal swelling 
suggested the potential formation of an appressorium, GFP presence was as noted by 
wavelength analysis (Figure 6-22 A, B, C and Figure 6-24 A, B, C). Wild-type Guy 11 
showed negligible fluorescence at this time point (Appendix E, 9.13, Figure 9.4). What 
fluorescence was noticeable, appeared to originate from autofluorescence from cell wall 
materials. Autofluorescence is more noticeable on cellulose (and glass), as the plant surface 
exhibits more background autofluorescence. At 8 h.p.i. if appressoria had developed, GFP 
was similarly present in these structures as in appressoria developing on barley (Figure 6-22 
G, H, I and Figure 6-24, D, E, F). Of particular note, where spores did not develop 
melanised appressoria (which were often of a darker in appearance than their counterparts on 
barley itself suggesting heavier melanisation) they developed, by 16 and 31 h.p.i., 
increasingly long and complex germ tube structures. Such structures also demonstrated GFP 
presence (Figure 6-24 G, H, I, J, K, L).   
 
During development on barley a gradual, sequential “emptying” of the spore cells of GFP 
was observed. This was similarly seen during M. oryzae development on cellulose up to and 
including appressorial formation, as typified in Figure 6-23 S, T, U. Interestingly it appeared 
during M. oryzae development where appressoria were not formed as time progressed the cell 
nearest the germ tube became depleted (followed by the cell in the middle of the spore). The 
cell furthest way retained its cellular contents for a protracted period of time. At a certain 
length of germ tube however even this cell became depleted, after which a resurgence in GFP 
presence appeared. This is most evident in  
Figure 6-25 (M, N, O, P, Q, R, S) of C00879 isolate activity.    
 
As seen Figure 6-23 and  
Figure 6-25 by 31 h.p.i. such structures were very complex with multiple swollen/thick germ 
tubes that demonstrated branching. In the more advanced cases these could be interpreted as 
equivalent to the aberrant classes of Bgh spores of multiple and branched character discussed 




in Chapter 3. Other examples of aberrant structural formation include the formation of sub-
apical structures (Figure 6-22 J, K, L). These structures may be a result of appressorial 
development being aborted.   
 
To summarise, as with development on barley, it appears that all cell types and structures 
during M. oryzae germination on cellulose contain GFP at the time points investigated. This 
suggests that the 5‟-regulatory regions of EST C01420 and EST C00879 are capable of 
driving expression at these times.                 
 
 





Figure 6-22: M. oryzae transformed with C01420/GFP developing on cellulose from 4, 8, and 16 h.p.i.  
A) Spore with germ tube at 4 h.p.i. B) Confocal fluorescence image with 3 regions of interest highlighted. C) 
Emission spectra all showing maxima indicative of GFP presence. D) Spore with germ tube exhibiting terminal 
swelling at 4 h.p.i. E) Confocal fluorescence image with 4 regions of interest highlighted. F) Emission Spectra 
with fluorescence maxima at 505-10 nm approximately. G) M. oryzae spore. Germling with heavily melanised 
appressorium at 8 h.p.i. H) Confocal fluorescence image. Alack of fluorescence suggests the that no GFP may be 
present in the appressoria. This stands in contrast to many spores visualised. Also present are large, expanding 
vacuoles in the cytoplasm of the cells of the conidium. GFP appears to be excluded from these. I) Emission spectra 
suggesting that at all regions of interest GFP is present: even if in a reduced quantity. J) Spore at 16 h.p.i. 
exhibiting sub-apical structure formation. K) One appressorium appears to be developing successfully, as 
suggested by the accumulation of GFP. Confocal Fluorescence image. 8 regions of interest are highlighted. L) 
Emission Spectra showing maxima at 505 nm for most region of interest selected. Of note is the spectra for the 
vacuole nearest to the brightly glowing appressorium in image K. Labelled in purple, this spectrum shows only a 
minimal peak suggesting that GFP is absent from this organelle. Scale Bar = 8 µm. Emission spectra axis:  X-axis 
is wavelength (nm), Y-axis equates to relative fluorescence units. 
 
 














Figure 6-23: M. oryzae transformed with C01420/GFP developing on cellulose at 31 h.p.i. 
M/P) Complex germ tube network formed by spore at 31 h.p.i. Inset picture shows the network at lower 
magnification.  Inset pictures where present indicate fungal structures at lower magnification. N/Q) Confocal 
fluorescence image showing several regions of interest selected for emission wavelength analysis.  Of note in 
this image are the presence of vacuoles within the hyphal network (as indicated by the *). O/R) Emission 
Spectra suggesting that GFP is present at all of the selected regions of interest. S) Spore at 31 h.p.i. with mature 
appressorium. T) Confocal fluorescence image suggesting that at this time point GFP appears to be mainly 
localised to the appressorium. Regions of interest have been selected, including for the appressorium, the germ 
tube and all cellular compartments of the spore. U) Emission Spectra displaying an emission maxima at 
approximately 507 nm for the region of interest within the appressorium. Other regions of interest have maxima 
at greater wavelengths than 507 nm suggesting any fluorescence is not attributable to the presence of GFP. 









Figure 6-24: M. oryzae isolates transformed with C00879/GFP developing on cellulose at 4-16 h.p.i.  
 
A) C00879 isolate „B‟ germling development at 4 h.p.i. on cellulose. A large germ tube is evident. B) Confocal 
fluorescence image suggesting the presence of large vacuoles in two of the conidial cells, and also a weak GFP 
presence in the body of the germ tube itself. C) Emission spectra suggesting that GFP is present in the germ-tube, 
and in the cell from which the germ tube originates. D) M. oryzae spore originating from C00879 isolate „A‟ with 
developing appressorium at 8 h.p.i. E) Confocal fluorescence image indicating the presence of GFP in all 
germling compartments.  F) Emission spectra with maxima at approximately 510 nm suggesting fluorescence is 
attributable to GFP. G/J) Developing spore from C00879(S) „A‟ at 16 h.p.i. with multiple germ tubes, some with 
branching. Inset picture showed fungal structure at lower magnification. H/K) Confocal fluorescence images 
showing fluorescence in the all 3 cells of the spore body and in the developing hyphae. I/L) Emission Spectra 
showing maxima indicative of the presence of GFP at the selected regions. Inset pictures where present indicate 
fungal structures at lower magnification. Scale Bar = A, B, G, H, J, K) 4 µm D, E) 8 µm  
 
* 






Figure 6-25: M. oryzae isolates transformed with C00879/GFP developing on cellulose at 31 h.p.i. 
M) Spore with heavily branched structure and appressorial formation at 31 h.p.i. (The speckling present is due 
to blemishes on the microscope lens.). Inset picture shows the structure fluorescing at a lower magnification. 
N/P/R) Higher magnification confocal fluorescence images of the structure shown in M, showing fluorescence 
of fungal structures, and also the presence of vacuoles, for example in image P (*). O/Q/S) Wavelength 
emission spectra. Although confirming that fluorescence is due to GFP presence, a spectrum in image Q 
confirms the lack of fluorescence in the vacuole in image P (marked by an *).  Scale Bar = M) 30 µm N) 10 
µm, P and R) 10 µm. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence 
units. 
 
Activity of promoters of EST C00879 and EST C01420 during growth on glass. 
Unlike on the two other surfaces, M. oryzae appressorial formation on glass was never seen. 
This matches the behaviour of Bgh on the glass slides used both in chapter 3 and also in the 
original microarray studies performed by Dr. Maike Paramor. Instead, in all isolates 
including the Wild-type isolate Guy 11, long germ tube formation was the usual occurrence 
(for example, in the case of C00879 isolate “B”, at 8 h.p.i. 75 % ± 6.06 % s.d. formed just 
one germ tube) (Figure 6-29). Development and GFP expression at 4, 8, 16 and 31 h.p.i. for 
M. oryzae isolates transformed with the 5‟-regulatory regions for EST C01420 and C00879 
are displayed in images Figure 6-26 through Figure 6-29. It is was a common occurrence 
* 








Figure 6-26: Development of M. oryzae transformed with C01420/GFP on glass at 4-16 h.p.i.  
A) Spore with singular germ tube. B) Confocal fluorescence image of germinating spore with 4 regions of interest 
highlighted. As the germ tube does not remain in the same plane of focus sections appear to fluoresce less than 
others, although this is an artefact of viewing.  C) Emission spectra of all highlighted regions of interest, all show a 
maxima in the region of 508 nm approximately. D) Spore with an elongating germ tube at 8 h.p.i. E) Confocal 
fluorescence image of the spore in E. F) Emission Spectra with maxima suggesting again that fluorescence is due 
to the presence of GFP. Also maxima are strongest for the germ tube and the cell from which it emerges, 
suggesting a build-up of GFP in these structures. G) Mature M. oryzae spore at 16 h.p.i with two germ tubes both 
elongating at various focal planes. J) One of the germ tubes of the spore shown in G magnified. H/K) Confocal 
fluorescence images of spore body and the developing germ tube. I) Emission spectra suggesting all 3 cells of the 
conidia provide varying levels of fluorescence attributed to GFP L) Emission Spectrum suggests high fluorescence 
as attributable to GFP with a maxima at 510 nm approx.  Scale Bar = A,B, D, E) 8µm G,H, J, K) 5 µm. Emission 
spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 
 






Figure 6-27: Development of M. oryzae transformed with C01420/GFP on glass at 31 h.p.i.  
M/P) Spore with long and branched germ tubes growing on glass at 31 h.p.i. N/Q) Confocal fluorescence image 
suggesting GFP presence throughout the cellular structures, with some localisation of the GFP to the periphery 
of the germ tube. O/R) Emission spectra displaying fluorescence maxima at approximately 510 nm. Inset 
pictures where present indicate fungal structures at lower magnification. Scale Bar = M, N) 10 µm; P, Q) = 3 
µm approx. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 
 
 
are capable of independent germination. Unlike during development on cellulose, structures 
formed by 31 h.p.i. on glass were less complex and showed less branching – if any was 
present at all (Figure 6-27). In similarity to Bgh the germ tubes were often projecting above 
the surface of the glass, suggesting a lack of contact for further surface sensing. The slides 
used in this section were equivalent to those used in Chapter 3 and not cleaned with chromic 
acid as in Chapter 4. Although this meant M. oryzae spores were, in theory, experiencing the 
same stimuli as Bgh on glass in the original study of EST expression activity performed by 
Dr. Maike Paramor, this also meant that the glass was a very hydrophilic surface. This would 
explain the apparent contradiction in the lack of appressorial formation on glass in this study 
compared to other studies (Lin, 2001). As with promoter activity on the other two surfaces, 
promoters in all independent isolates for C00879 and C01420/ GFP construct transformants 
appeared to drive, or have led to GFP expression, during all stages of development. Unlike on 
barley and cellulose where spores may form appressoria by 31 h.p.i., but in similarity to those 
spores on cellulose that focused on germ tube formation, GFP was still present at this time.  





Figure 6-28: M. oryzae transformed with C00879/GFP on glass at 4-16 h.p.i.  
 
A) C00879 isolate „C‟ germling development at 4 h.p.i. on glass with two germ tubes. B) Confocal fluorescence 
image. C) Emission spectra showing maxima attributable to the presence of GFP. D/G) M. oryzae spore 
originating from C00879 isolate „C‟ with germ tubes at 8 h.p.i. E/H) Confocal fluorescence image. F/I) 
Emission spectra suggesting a strong presence of GFP in both germ tube and the cell from which it originates, 
whilst the two other cells of the conidia show a reduced presence. J/M) Developing spore from C00879(S) „A‟ 
at 16 h.p.i. with two germ tubes.  K/N) Epifluorescence images of both the spore body and one germ tube. L/O) 
Emission Spectra with maxima present in the region of 505-510 nm. Scale Bar = A, B) 15 µm; D, E, G, H) 5 
µm J, K) 5 µm M, N) 3 µm. 
 
 





Figure 6-29: M. oryzae isolates transformed with C00879/GFP on glass at 31 h.p.i.  
 
P) Germling development at 31 h.p.i. on glass showing two long germ tubes. Q) Confocal fluorescence image 
showing the presence of GFP in the germ tube and a reduction of GFP in cells within the spore body, potentially 
due to the enlargement of the lytic vacuole. The image also suggests that one of the terminal cells is empty of all 
GFP. R) Emission spectra suggesting that the strong fluorescence in the central cell periphery is due to the 
presence of GFP, both vacuoles appear S) Image of the developing germ tube T) Confocal fluorescence image. 
T) Emission spectrum showing a maxima in the region of 505nm suggesting that the fluorescence of the germ 
tube is due to the presence of GFP. Scale Bar = P, Q) 3 µm approx; S, T) 8 µm. Emission spectra axis:  X-axis 
is wavelength (nm), Y-axis equates to relative fluorescence units 
 
To summarise, M. oryzae resembled Bgh during germination on differing surfaces by 
displaying alternate growth morphologies than those seen during development on barley. 
Additionally  the results for the full-length promoters of EST C01420 and EST C00879 visual 
observation indicated, that the promoters were each capable of driving GFP expression, as 
determined via the presence of fluorescence (attributed to the presence of GFP, by 
wavelength emission analysis) for the majority of fungal structures observed at 0, 4, 8, 16 and 
31 h.p.i. on barley, cellulose and glass.    
 
6.5.6: Promoter C00879(s) behaviour on barley, cellulose and glass 
As an additonal question to our main aim of validiating M. oryzae as a potential host for 
future analysis of CMEGs promoters, attempts were also made to test truncated versions of 
the promoters in question. This truncation was based on the theory that necessary sections of 
the promoter would show greater evolutionary conservation in comparison to less neccessary 
non-important sections. Therefore alongside transformations of full length promoters, 3 
independent transformants of the shortened C00879 promoter were generated and visually 
analysed for the production of GFP. These “shortened” regulatory regions (Appendix C: 




9.15) differed from the full length promoter in being 567 bp in length rather than 1035 bp and 
most likely contained the regions thought to be evolutionary most conserved.  If the 
hypothesis was correct these shorter promoter regions would still be able to drive GFP 
expression in a similar fashion to the full-length promoters. 
 
Figure 6-30: Mycelial preparation of M. oryzae transformed with C00879(s) isolate „C‟. 
A) Hyphae growing through complete medium agar with developing spore present. B) Confocal fluorescence 
image. C) Emission spectra with maxima at 505-510 nm suggesting that fluorescence present in both cells of the 
spores and in the surrounding hyphal mass is due to the presence of GFP  D) Mature spore released during 
preparation of mycelia crush, representing the activity of the shortened C00879 promoter at 0 h.p.i. E) Confocal 
fluorescence image with 3 regions of interest highlighted, one in each of the spore cells.  F) Emission spectra 
showing maxima present in the region of 510 nm approx, suggesting that fluorescence is due to GFP rather than 
autofluorescence. Scale bar = 8 µm. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to 
relative fluorescence units 
 
The spores generated from these isolates did not show any deviance from the developmental 
patterns of the full-length promoter/GFP isolates, as discussed in section 6.5.3. Development 
on barley reached the invasive hyphal stage, development on cellulose led to either the 
formation of appressoria or the formation of long, intertwined germ tubes and development 
on glass led to the formation of multiple, long germ tubes. These results are shown in Figure 
6-30 through Figure 6-36. Again, as with the images displayed for the 3 independent 
transformants of the full length regulatory region of EST C00879, because all isolates 
demonstrated similar fluorescence properties the figures contain ideal pictures from selected 
isolates. To summarise promoter activity as determined by GFP presence, GFP was observed 




at all times during all developmental permutations. This suggests the shortened version of the 
Bgh Histone H4 promoter is indeed operational and, that to a degree, the theory that 
important sections of the promoter would show less mutation has proven to be correct.  
 
To fully test this theory a promoter/GFP construct consisting solely of the least conserved 
sequence of the promoter should be transformed into M. oryzae. In this particular study 
although attempts were made to create and transform M. oryzae with such a construct these 
proved unsuccessful during the time available and so observational studies could not be 
carried out.    





Figure 6-31: M. oryzae transformed with C00879(s)/GFP on barley at 4- 16 h.p.i.  
 
A) C00879(s) isolate „B‟ germling with a germ tube at 4 h.p.i. on barley. Continued overleaf. 
 




B) Confocal fluorescence image with 4 regions of interest highlighted C) Emission spectra, which although 
showing noise seem to indicate that fluorescence is due to the presence of GFP as maxima are present in the 
region of 507 nm. D) C00879(s) „B‟ germling with appressorium at 4 h.p.i. E) Confocal fluorescence illustrating 
the build-up of GFP in the appressorium of the germling. Regions of interest are highlighted.  F) Emission 
Spectra suggesting maxima in the region of 505-510 nm. G) M. oryzae spore originating from C00879(S) isolate 
„A‟ with mature appressorium at 8 h.p.i. H) Confocal fluorescence image with strongly fluorescing 
appressorium, again with regions of interest including all cells of the conidium, germ tube and appressorium 
highlighted. I) Emission spectra, notably confirming stronger fluorescence of wavelengths associated with GFP 
in the appressoria J/M) Developing spore from C00879(S) „A‟ at 16 h.p.i. showing the invasive hypha 
penetrating the epidermal cell. Image M is at a deeper focal plane than M. K/N) Confocal fluorescence image 
suggesting weakened fluorescence in the spore, and noticeably the appressorium, but also fluorescence in the 
invasive hypha. L/O) Emission Spectra, which although with maxima in the region of 510 nm, also have 
competing maxima at alternate wavelengths, suggesting a decrease in the fluorescence of the GFP compared to 
surrounding structures. Scale Bar = A, B, D, E) 8 µm approx G, H) 5 µm J, K, M, N) 6 µm approx. Emission 
spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 
 
 
Figure 6-32: M. oryzae transformed with C00879(s)/GFP on barley at 31 h.p.i.  
 
P/S) C00879(s) isolate „C‟ germling development at 31 h.p.i. on barley with invasive hyphae formation. Picture 
P suggests spore collapse has occurred. Q/T) Confocal fluorescence image suggesting no fluorescence in the 
spore body itself or germ tube, and a residual fluorescence present in the appressorial structure. In comparison 
invasive hyphae do show stronger fluorescence. Regions of interest are highlighted. R/U) Emission spectra 
suggesting that fluorescence present in the above-leaf structures is not due to the presence of GFP but due to 
autofluorescence. Fluorescence present in the invasive hyphae shows a maxima at 507 nm, supporting the 
presence of GFP. Inset pictures where present indicate fungal structures at lower magnification. Scale Bar = 5 
µm. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 






Figure 6-33: M. oryzae transformed with C00879(s)/GFP on cellulose at 4-16 h.p.i.  
A) C00879(s) isolate „A‟ germling development at 4 h.p.i. on cellulose. Spore germination from central cell 
indicates damage to both terminal cells. B) Confocal fluorescence image. C) Emission spectra confirming the 
presence of GFP in the periphery of the central conidial cell, and in the germ tube. D) C00879(s) „B‟ germling 
with melanised appressorium at 8 h.p.i. E) Confocal fluorescence showing the build-up of GFP in the 
appressorium, and a reduction of fluorescence in cells in the conidium. F) Emission spectra with maxima 
suggesting that the fluorescence in the appressorium of the germling is due to GFP. G) M. oryzae spore 
originating from C00879(S) isolate „C‟ with mature appressorium at 16 h.p.i. showing an enlarged and branched 
germ tube H/J) Confocal fluorescence image of the spore body and the branch junction of the germ tube. 
Regions of interest are highlighted. I/K) Emission spectra confirming the presence of GFP in all regions tested, 
although of varying intensities. Scale Bar = A, B, D, E) 8 µm G) 15 µm approximately.  






Figure 6-34: M. oryzae transformed with C00879(s)/GFP on cellulose at 31 h.p.i.  
L/O/R/U) C00879(s) isolate „C‟ germling development at 31 h.p.i. on cellulose. Spore development includes 
complex, intertwining germ tubes as well as appressorium formation at this time point. M/P/S/V) Confocal 
fluorescence images showing fluorescence in all structures, although in the case of spores forming appressoria 
some conidial cells show a decrease in fluorescence. Regions of interest are highlighted. N/Q/T/W) Emission 
spectrum of the associated regions of interest with maxima in the region of 505nm- indicative of the presence of 
GFP. Notably one spectrum (displayed in image W) suggests that one area of fluorescence at wavelengths not 
associated with GFP. Inset pictures where present indicate fungal structures at lower magnification. Scale Bar = L, 
M) 20 µm approx O, P, R, S) 8 µm approx U, V) 5 µm approx. Emission spectra axis:  X-axis is wavelength (nm), 
Y-axis equates to relative fluorescence units. 





Figure 6-35: M. oryzae transformed with C00879(s)/GFP on glass.  
A) C00879(s) isolate „C‟ germling with 1 germ tube at 4 h.p.i. B) Confocal fluorescence image with regions of 
interest highlighted. C) Emission spectra with maxima at 505-510 nm showing that fluorescence in all 
compartments is at the wavelength associated with GFP. D/G) C00879(s) „A‟ germling at 8 h.p.i. with an 
elongated germ tube E/H) Confocal fluorescence image of the spore body and the germ tube. Due to undulation 
the germ tube does not remain in the same plane of focus within image E.. Continued overleaf. 
 




F/I) Emission Spectra showing strong maxima at 507 nm. J/M) M. oryzae spore originating from C00879(S) 
isolate „C‟ at 16 h.p.i.. K/N) Confocal fluorescence image of both the spore body and the germ tubes, showing a 
decrease in fluorescence in conidial cells. L/O) Emission spectra suggesting that although GFP is present in all 
structures that in the three cells of the spore it is decreasing.  Scale Bar = 5 µm approx. Emission spectra axis:  
X-axis is wavelength (nm), Y-axis equates to relative fluorescence units. 
 
 
Figure 6-36: M. oryzae transformed with C00879(s)/GFP on glass. 
P/S/V) Germling originating from transformant C00879(s) „‟C‟ at 31 h.p.i. showing a highly branched germ 
tube structure. Inset picture shows the germling at a lower magnification. Q/T/W) Confocal fluorescence image 
showing pockets of reduced fluorescence, possibly due to the expansion of vacuoles within the M. oryzae cell 
cytoplasm. Regions of interest are highlighted. R/U/X) Emission spectra suggesting all regions of interest show 
fluorescence associated with the presence of GFP, even if it is at reduced intensity. Inset pictures where present 
indicate fungal structures at lower magnification. Scale Bar = 5 µm. Emission spectra axis:  X-axis is 
wavelength (nm), Y-axis equates to relative fluorescence units. 
 
6.5.7: C00879 and C01420 CMEG promoter activity in M. oryzae 
(Conducted with the aid of Nurul Ismail, MRes student). 
 
In order to further ascertain whether the activity of Bgh CMEG promoters was similar in M. 
oryzae to activity seen in Bgh, RNA was collected from germinating spores of the GFP-
expressing transformants at time-points of 0, 4, 8, 6 h.p.i. This was used as a template for 




creating cDNA. Real-time quantitative PCR was used to assess the relative expression of 
GFP driven by the 5‟-regulatory regions of ESTs C00879 and C01420. Target gene 
expression was normalised using the M. oryzae actin gene as an internal control. This gene 
has been used in other studies for a similar role (Mosquera et al., 2009). The original 
microarray (in the case of C00879 please refer to Figure 6-37) derived expression data for 
the activity of these EST promoters in Bgh was confirmed by using the gene D00403 (an 
NADH-ubiquinone oxidoreductase) as a normalisation control as this gene was believed to be 
expressed relatively uniformly across all the conditions tested. Consequently, the M. oryzae 
gene equivalent was used as a secondary control to re-enforce the assessment of CMEG 
promoter behaviour. Its use was based on the hypothesis that to truly compare CMEG 
promoter activity once in the heterologous host, the same controls should be used. However, 
this was based on the assumption that behaviour of the control gene would remain the same 


















Interestingly, the majority of transcription patterns analysed for independent isolates using 
one control gene appeared to match their counterpart analysed using the other control gene 
(please refer to Figure 6-38, to compare visual trends for example of C00879 isolate „A‟). 
Such results suggest both genes were expressed in a similar fashion and suggests the choice 
Figure 6-37: Relative expression of the EST C00879 in Blumeria graminis f. sp. hordei during development 
on barley (B), wheat (W), cellulose (C) and glass (G).  
 
Derived from microarray data provided by Dr. Maike  
Paramor. REI= relative expression index. expression values being displayed as the log2-transformed ratios of 
sample/universal reference intensities.REI values have three replicate hybridisations averaged, with the standard 
deviation displayed as a bar. Time points include 0, 4, 8, and 16 h.p.i. Error bars = standard deviation 
 
 




of either gene as a control for expression normalisation would be appropriate – at least on 
these two surfaces utilised (readers are referred to the discussion of Chapter 4 for other 
remarks on the behaviour of this gene). However, because of its ubiquitous use in other 
studies the actin gene was chosen as the primary control gene during this study.     
  
As shown in Figure 6-37 (provided by Dr. Maike Paramor) the expression of EST C00879 in 
Bgh during early development on barley is up regulated quite strongly at 4 h.p.i. After this 
time point a decrease, not as sharp as the initial increase is seen, until at 16 h.p.i. the gene 
expression (encoding a H4 histone) is approximately half that recorded at 4 h.p.i. A similar 
profile is seen during development on wheat. In comparison to this, expression on glass and 
cellulose remains relatively consistent, with results indicating (although not statistically 
significant) that the highest expression is see at 16 h.p.i. at a level approximately 1/3 of that 
observed at 4 h.p.i during development on barley.     
 
The independent isolates used during this experiment exhibited expression profiles during 
development on barley as shown in Figure 6-38.  All three isolates showed GFP gene 
expression which differed to that encountered during Bgh development on barley. Where 
possible statistical analysis utilising 1-factor ANOVA combined with a post-hoc Tukey or 
Games-Howell test was used to confirm visual trends.  
 
Two out of the three isolates “A” and “C” show very similar visual profiles with relative 
expression appearing to climb during the period of assessment 0 – 16 h.p.i., In the case of 
isolate „A‟, a significant 2-fold increase was seen between 0 h.p.i. and 16 h.p.i. for data 
normalised against both the actin gene, and the M. oryzae homologue of the Bgh NADH 
oxidoreducatase gene (at α = 0.05, appendix E, 9.14). However, no peak is seen at 4 h.p.i. 
unlike in the original microarray data. Such significance was the same for the profile 
generated for C00879 isolate „C‟ when normalised against the actin gene, appendix E, 9.14). 
In comparison isolate “B” appears to show expression at 4 h.p.i matching 16 h.p.i at levels 4 
times higher than expression at 0 and 8 h.p.i. This decrease at 8 h.p.i. is nearly significant (at 
α = 0.05, appendix E 9.14).  





Figure 6-38: Relative expression of GFP driven by the promoter of EST C00879 in M. oryzae isolates 
during development on barley.  
 
Based on qPCR data. Time points include 0, 4, 8, and 16 h.p.i. Left Graph = Relative expression compared to 
that of the M. oryzae actin gene. Right Graph= Relative expression compared to that of the M. oryzae 
equivalent of the B. graminis NADH ubiquinone oxioreductase gene. If all 3 biological replicates not available 
then data points are plotted independently. Error Bars= ± standard error.  
 




During this trial, attempts were made to extract the RNA from on one other surface apart 
from the host. The method of RNA extraction used during this investigation meant that 
extraction from spores developing on glass was not possible due to the presence of water 
(derived from the spore inoculation solution) interacting with the cellulose acetate on the 
slides. Therefore cellulose was chosen as the second surface to investigate. As described 
earlier, activity during Bgh development on cellulose showed relatively low expression 
during the time period assessed with results suggesting an expression climbing from 0 to 4 
h.p.i. and reaching a maximum at 16 h.p.i.  
 
 
Figure 6-39: Relative expression of GFP driven by the promoter of EST C00879 in M. oryzae isolates 
during development on cellulose.  
REI = relative expression compared to that of the M. oryzae actin gene. Based on qPCR data. Time points 
include 0, 4, 8 and 16 h.p.i. If all 3 biological replicates not available then data points are plotted independently. 
Error Bars = ± standard error. 




As shown in Figure 6-39 of the 3 independent isolates tested two (C00879 „A‟ and „B‟) 
provided profiles that suggest no significant increase in expression over the time period 
shown. C00879 Isolate “A” results seem to suggest a drop in expression followed by an 
increase in levels at 16 h.p.i. to match those experienced in the freshly inoculated conidia at 0 
h.p.i. Isolate “B” results indicate a potential rise in expression at 4 h.p.i followed by a drop 
thereafter. Isolate “C” shows a drop at 4 h.p.i followed at 8 h.p.i that remains constant at 16 
h.p.i. The third independent transformant (C00879 isolate „C‟) did show a significant increase 
in expression when data collected at 16 h.p.i. was compared to both 0 h.p.i. and 4 h.p.i. The 
data points provided suggest that expression at 8 h.p.i. would be similar to that collected at 16 
h.p.i. However, there was a significant drop in expression between 0 and 4 h.p.i (significant 
at α = 0.05, appendix E, 9.14). Consequently, this is a deviation from the expression profile 
exhibited in Figure 6-37. As a result of these observations attempts to collect RNA from M. 
oryzae transformants containing the C00879[s]/ GFP fusion were terminated as being 



















As shown in Figure 6-40 (provided by Dr. Maike Paramor) the expression of EST C01420 in 
Bgh during early development on barley is up regulated slightly at 4 h.p.i and, although not 
statistically significant, results suggest that this expression may continue to increase until 8 
Figure 6-40: Relative expression of EST C01420 in Blumeria graminis f. sp. hordei during development on 
barley (B), wheat (W), cellulose (C) and glass (G).  
 
Derived from microarray data provided by Dr. Maike Paramor. REI= relative expression index. expression 
values being displayed as the log2-transformed ratios of sample/universal reference intensities.REI values have 
three replicate hybridisations averaged, with the standard deviation displayed as a bar. Time points include 0, 4, 
8, and 16 h.p.i. 




h.p.i. Again, although not statistically significant, the expression profile suggests a drop in 
expression at 16 h.p.i. In comparison to this, behaviour on wheat clearly shows that gene 
expression is at its highest at 8 h.p.i, followed by a decrease at 16 h.p.i. Expression on glass 
and cellulose remains at a low level consistent with expression seen at 0 h.p.i.  
 
The single isolate that contained the regulatory region for CMEG C01420 was tested for its 
expression of GFP during its development on barley. As shown by the profiles in Figure 6-41 
illustrating GFP EST C01420 driven-expression (when compared relative to the activity of 
both control genes), although not significantly different from later time points, visual trends 
suggest a peak at 4 h.p.i. before dropping at 8 h.p.i. (appendix E, 9.14). If this were the case 
then it suggests GFP expression as driven by this promoter region in M. oryzae does not 
match the expression behaviour of the aconitase gene in Bgh. 
 
Figure 6-41: Relative expression of GFP driven by the promoter of EST C01420 in M. oryzae isolates 
during development on barley.  
REI = relative expression compared to that of the M. oryzae actin gene. Based on qPCR data. Time points 
include 0, 4, 8 and 16 h.p.i. If all 3 biological replicates not available then data points are plotted independently. 
Error Bars = ± standard error. 
 
In conclusion these results displayed in this chapter suggest firstly, that the majority of 
CMEG regulatory regions transformed into M. oryzae in this study are not capable of driving 
the expression of GFP in that heterologous host. Secondly, although the two promoters 
regulate GFP expression in M. oryzae, containing the full-length selected 5‟-regulatory 




regions of EST C00879 and EST C01420 do not drive expression as experienced by the gene 
in Bgh. Thirdly, truncation of the 5‟-regulatory region of EST C00879 (so that it contains a 
region showing higher conservation than surrounding sequences) still permitted the 
expression of GFP whilst in M. oryzae.   






Allocco et al., (2004) stated that it is „axiomatic in functional genomics that genes with 
similar mRNA expression profiles are likely to be regulated via the same mechanisms‟. 
Studies such as Thorsen et al., (2007) have identified genes with similar transcriptional 
profiles and followed up with consecutive testing for cis-regulatory regions. It is a similar 
hypothesis that underpins attempts to use the results of earlier microarray studies to 
understand gene regulation of the CMEGs that demonstrate expression clustering. It would be 
useful to understand the promoter construction of set genes so that the regulatory networks of 
Bgh can be understood. Furthermore it will allow a better understanding of which stimuli or 
host signals spur the development of this very specific fungus. By fully understanding these 
control pathways, and seeing where they interlink with others, it will become easier to both 
create better ways of combating it in the field, but also understanding not just other B. 
graminis formae speciales but other powdery mildews.  
 
One of the hardest tasks in the annotation of whole genomes remains the accurate 
identification and delineation of promoters (Abeel et al., 2008). Due to the diversity of 
eukaryotic promoters and the fact that promoter prediction software is often species specific, 
experimental data (in the form of deletion and mutagenesis studies) must be collected to 
“train” such programs (Wasserman and Sandelin, 2004; Munch and Krogh, 2006). Once 
enough data has been collected it would be possible to apply the models to screening the 
recently annotated Bgh genome. By doing so, apart from potentially showing the genes 
involved in similar regulatory networks it may also help identify genes of unknown function 
which genome annotation programs have failed to identify (Abeel et al., 2008). Therefore, as 
functional regulatory regions tend to be proximal to the initiation site of transcription, regions 
approximately 2 kb in size (minus coding sequence) were amplified from the upstream region 
of selected CMEGs (Wasserman and Sandelin, 2004). Removal of coding sequence is 
important, especially when looking for conserved regulatory sequences as coding regions 
naturally tend to be highly conserved. This will affect motif detection programs (Chowdhary 
et al., 2006). It was believed therefore that these selected regions would contain the core 
promoter and possibly proximal elements. As noted previously attempts at finding motifs 
(especially for transcription factors) were unsuccessful, possibly because such TFBS are short 
and variable making detection difficult (Bucher, 1999).    




Since transformation of Blumeria graminis is not an option at this time-point another 
approach needed to be taken to try to dissect the method of regulation of these CMEGs. 
Many regulatory modules (e.g. cis-regulatory elements and TFs) are conserved across the 
Ascomycota (Wohlbach et al., 2009). Therefore the option chosen in this study was that of 
testing these proposed promoter regions in M. oryzae a related, easier-to-handle fungus 
whose genetic manipulation has become routine (Wilson and Talbot, 2009). Unlike other 
techniques also used for experimentally determining important regulatory regions, such as the 
yeast 1-hybrid system, this approach would (if successful) permit the rapid analysis of several 
promoters from the same CMEG cluster. Therefore the aim of this experiment was to 
determine if CMEG promoters would drive the expression of GFP whilst present in M. 
oryzae. This would then demonstrate its suitability as a heterologous host to trial deletion 
analysis or mutagenesis on these regulatory regions.  
 
The hemibiotroph M. oryzae shares many important similarities with Bgh. These include the 
formation of appressoria and intracellular tissue invasion (Caracuel-Rios and Talbot, 2007; 
Wilson and Talbot, 2009). This initial host-internal growth (approx 72 h.p.i) is biotrophic in 
nature, with the invasive hyphae causing an invagination of the host cell membranes, in a 
similar fashion to Bgh haustorial growth (Wilson and Talbot, 2009). M. oryzae also has the 
ability to infect barley, as well as utilising similar germination stimuli as Bgh (for example 
hydrophobicity and cutin monomers). Additionally during this thesis, M. oryzae 
demonstrated morphological similarities to Bgh during development on surfaces other than 
barley. Consequently, it was thought to be suitable as such a host may contain similar signal 
transduction pathways. Additionally, GFP was first expressed in Magnaporthe in 2002 by 
Czymmek et al. In that study transformation with GFP resulted in high expression, with 
fluorescence being excluded from large organelles such as vacuoles and mitochondria, 
although it did accumulate in inter-phase nuclei. According to the authors no discernible 
difference in appressorium formation or function was observed in transformants expressing 
the fluorescent protein compared to the wild-type (Czymmek et al., 2002). Therefore this 
robustness suited it to these expression studies. 
 
As CMEG gene expression was originally assessed at 0, 4, 8, 16 h.p.i. efforts were made to 
discern the morphological development of M. oryzae at those time points. As demonstrated, 
the lifecycle of M. oryzae on barley shows some morphological and temporal similarities to 
that of Bgh (Figure 6-6). By 4 h.p.i. the sole germ tube has emerged. In many cases during 




development on barley germ tube hooking was present suggesting maturation of the germ 
tube was already underway (i.e. its development from germ tube to appressorial germ tube). 
The germ tube of Magnaporthe appears to combine some of the functions of both Bgh germ 
tubes, both sensing stimuli present on the substrate (like the PGT of Bgh) and also permitting 
the invasion of the host (like the appressorial germ tube of Bgh). By 8 h.p.i., as in Bgh, 
maturation of the appressorium is occurring. At the final time-point assessed by RT-qPCR 
analysis (16 h.p.i.) invasion of the barley host has begun, just as with powdery mildew.  
Interestingly the timing of this penetration of barley by M. oryzae appears to occur at a faster 
rate than during development on rice (the primary host of the pathogen). In section 6.2 it was 
noted that during development on rice between 4 to 8 h.p.i. melanisation of the appressorium 
begins (as does an increase in turgor generation). Following this at 24 h.p.i. an appressorial 
pore ring will form from which the penetration peg emerges between 24 to 31 h.p.i ( Howard 
et al., 1991; Lu et al., 2005). However as the results clearly show penetration of barley has 
may already have begun by 16 h.p.i. Reasons for this faster penetration may lie with the 
barley epidermal surface either offering less resistance to the penetration peg (and as a 
consequence yielding after less turgor pressure has built-up) or because it is more susceptible 
to attack by the enzymes released by the developing M. oryzae spore.   
 
During this study as with the alternate surfaces used in the original microarray study of Bgh, 
Magnaporthe also displayed alternate morphologies when germinating on surfaces other than 
the host. Spores were delivered in liquid and earlier studies (e.g. Hegde and Kolattukudy, 
1997) had noted a spore-concentration based inhibition mechanism. As a result spore levels 
on the different surfaces were tailored such that any morphologies present were dependent on 
surface-based stimuli rather than inhibition by spore concentration. On glass, again a sign of 
how hydrophilic the slides were that were employed for the original study conducted by Dr. 
Maike Paramor, germ tube rather than appressorium formation was the usual end state of 
germination (for example Figure 6-26). On cellulose formation of appressoria was also seen 
(for example Figure 6-22), although at a reduced rate compared to that seen on the host. This 
alternate germination behaviour further re-enforced the selection of this fungus as a 
heterologous host.      
 
During this study of the 22 different CMEG regulatory regions that were successfully 
transformed, 2 showed activity when present in M. oryzae. In the case of the regulatory 
region of EST C00879 3 independent transformants of the “full length” region demonstrated 




GFP expression whilst in M. oryzae. Three independent transformants of “shortened” 
regulatory regions (containing a section believed to show higher conservation than the 
remainder of the original sequence section) also showed GFP expression. This would suggest 
that the region selected did indeed contain the core promoter (and most likely proximal 
sequences) required to drive expression and that in the case of this gene M. oryzae may 
indeed be an acceptable host for further promoter structural analysis.  
 
In all cases these EST C00879 regulatory-region containing M. oryzae transformants 
demonstrated visible GFP presence in each of the conidial cells, the developing germ tube, 
the appressorium and shortly after infection of barley. Furthermore, it appeared that although 
different germination states could be seen when on surfaces other than the host, for example 
(if appressorium were not formed) the large hyphal networks present on cellulose (e.g.  
Figure 6-25), that GFP expression was still present. Such behaviour suggests that expression 
could have been driven by a signal transduction pathway active early on in the development 
or more probably that expression was not being regulated in a surface dependent fashion in 
this host, but would occur at whichever developmental stage the spores in question reached. 
This seems to be supported by the fact that the hyphae of a transformed colony also 
demonstrated fluorescence.  
 
As an indicator of the behaviour of these promoters in Magnaporthe, and to permit an extra 
comparison to behaviour in Bgh, expression of regulatory region-driven GFP was assessed by 
RT-qPCR. RNA was extracted from germlings developing on barley surfaces at 0, 4, 8, 16 
h.p.i. In an attempt to see alternate expression on a surface other than the host only cellulose 
was tested. Limitations of the RNA collection method meant that RNA could not be collected 
from glass slides, therefore collection from cellulose was chosen instead. In the case of 
expression during development on barley the isolates did not match expression seen in 
Blumeria during germination on that surface. This suggested expression as commanded by 
the regulatory region selected was regulated in a different fashion when present in 
Magnaporthe. In the case of expression on cellulose, visual trends did not match the profile 
collected during the original microarray experiment, again suggesting there may have been 
some difference in regulation. In the case of one isolate (Figure 6-38) a significant increase 
was seen by 16 h.p.i. (and possibly by 8 h.p.i), however a decrease seen from 0 to 4 h.p.i 
again suggests expression did not match of the H4 gene during Bgh development on 
cellulose.    





The gene C00879 encodes a histone H4 involved in histone formation (Luger et al., 1997) 
whose expression, at least during infection on barley, appears to increase at 4 h.p.i. before 
decreasing thereafter. It is at this time-point the formation of the second germ tube, destined 
to become the AGT, takes place. Although nuclear structure of Bgh, to the knowledge of this 
author, has not been confirmed at this time it is thought the second, septate, germ tube 
contains it own nucleus. By 16 h.p.i., at least on barley mRNA abundance has decreased. 
This may be due to the fact that either histones are no longer needed as nuclear formation has 
reduced, or that the sampling method failed to accurately sample RNA present in the 
haustorium. As a gene with an essential role in the cell its control may not need to be 
accurately tuned to the behaviour of external stimuli, instead being determined by the cells 
own requirements. As such the length of the functional promoter may be shorter than other 
regulatory regions as complex signal integration (with multiple regulatory gene binding sites) 
may not be required.  
 
The fact that other regulatory regions from the same cluster were chosen (for example EST 
D00651 and EST D00095), and although successful transformants were detected by GFP 
marker specific PCR, failed to glow may suggest that this cluster (although co-expressed) is 
actually regulated by different mechanisms. Authors such as Park et al., (2002) have noted 
that different transcriptional mechanisms may have the same effect on expression. If this is 
the case then understanding the regulatory networks of Bgh may be more complicated than 
expected. Why is there this apparent diversity of promoter elements in Bgh? It may be 
because the complex lifecycle requires very careful regulation to ensure that biotrophy is 
successfully initiated and then maintained for as long as possible. The ability to respond to a 
host that is itself responding both to the presence fungus, to other pathogens, and also the 
environment would require complex regulation. The fungus must be able to able to “tweak” 
responses spatially and temporally where and when necessary without having to worry about 
initiating widespread gene activation. The presence of such complex pathways incurs the 
question of just how did they evolve and how long did the fungus need to be in contact in the 
host before it assumed such intimate levels of contact? Wohlbach et al (2009) suggests 
regulatory divergence occurs at an elevated rate compared to the divergence of coding 
sequences. Therefore the genomic repetition present in Bgh may have permitted the fungus 
the option of developing such complex regulation of its genes: all the better to ensure 
compatibility with the host.       





In the second case of a GFP-expressing transformant, the 5‟-regulatory region of EST 
C01420, GFP appeared to be expressed at all time-points assessed except at 31 h.p.i. on 
barley where GFP expression appeared minimal. However, only 1 transformant (from a total 
of 24 hygromycin resistant colonies analysed, originating from 7 separate transformant 
isolations) demonstrated the capability to drive GFP expression when in the heterologous 
host. It is therefore possible that this successful transformant was active due to the effect of a 
nearby Magnaporthe enhancer element or promoter having an effect. If this was the case then 
it is more than likely that the regulatory region selected is not complete and normal 
expression in Bgh requires elements, in this test left unselected, to propel transcription. As 
this is the case it suggests that M. oryzae is not an optimal test environment for this promoter.     
 
In the original microarray data expression for EST C01420 during development on barley, 
mRNA abundance increased rapidly from 0 to 4 h.p.i, before reaching a maximum at 8 h.p.i 
and then dropping again at 16 h.p.i. The gene of this promoter encodes an aconitase. Present 
in both the mitochondria and cytoplasm, this enzyme catalyzes the interconversion of citrate 
and isocitrate (Tong and Rouault, 2007). Catalysing part of the tricarboxylic acid cycle, at 
least in its mitochondrial form, this enzyme therefore has an important role in energy 
generation. As a consequence it would be expected that its expression would increase to 
match cellular requirements during the production and maturation of the appressorium which 
happens at 4 to 8 h.p.i. When present in the cytoplasm aconitase has roles in iron metabolism 
and the flow of citrate (Tong and Rouault, 2007). Regrettably, RT-qPCR analysis did not 
confirm this expression during M. oryzae development on barley (Figure 6-41), with visual 
trends suggesting an increase a maximum abundance at 4 h.p.i. with a reduction in expression 
at later time points. This would confirm the belief that the GFP expression was being 
modulated by a nearby M. oryzae element. 
 
Both the regulatory regions demonstrating the ability to drive GFP expression originated 
from different CMEG clusters. Therefore the likelihood that these genes would have the same 
regulatory mechanisms is reduced. This means whatever cis-element information is found by 
analysing one may not be useful in understanding the other. Therefore at the present time any 
contribution to understanding Bgh regulatory mechanisms remains fragmentary at best.  
 




Although some positive results were achieved during this study there were several drawbacks 
to the approach used. The biggest revolves around removing the promoters from their native 
environment. Although unavoidable if widespread screening of activity was to be attempted, 
the potential exists that the selected regions were separated from any influencing enhancer 
and silencer elements. This would consequently alter their behaviour outside the donor and 
furthermore not allow full investigation of CMEG regulation. Additionally, specific copy 
number and positioning of genes are required for the optimal production of a gene product as 
well as to allow co-ordination of expression of genes involved in related metabolic pathways 
(Saez-Vasquez and Gadal, 2010). Therefore any information gathered about the gene 
regulation would also be tempered by this dissimilarity. 
 
Since the majority of promoter regions tested failed to permit GFP expression when 
transformed in M. oryzae it means that for those promoter regions further work utilising this 
host is not possible. This lack of activity may be due to several reasons. Firstly, the regions 
used did not include all of the required promoter sequence. Although the core promoter (and 
proximal elements) may have been selected a lack of enhancer sequences could mean that 
even though the relevant transcription factors were present in Magnaporthe expression of the 
GFP was not possible. This may suggest that local DNA sequence in the case of the majority 
of these genes was not sufficient to drive expression and that even in the host long range 
interactions were required.  
 
Secondly, it is possible that all the relevant core and proximal promoter sequences were 
selected. However, M. oryzae may not contain the relevant transcription factors to bind to the 
TFBSs present in those regions, meaning expression was not possible. Alternatively, many 
promoters contain multiple binding sites for the same TFs (Paixao and Azevedo, 2009). 
Therefore if enough TFs were not present at the time (due to other cellular requirements) then 
true promoter activity may not be seen (Pedersen et al., 1999). This is assuming that TFs 
work or bind alone. Often they bind in combinations, and non-independently, at CRMs 
(Wasserman and Sandelin, 2004). Therefore even if the majority of TFs are present the lack 
of one may cause others to fail or lead to greatly reduced expression. To add further 
complexity to the matter transcription factors are themselves transcriptionally regulated, 
meaning that by assuming their presence in M. oryzae we are also implicity assuming they 
themselves are regulated in a similar fashion to those in B. graminis.  
 




Thirdly, being a hemi-biotrophic pathogen with a considerable host range, M. oryzae 
probably does not require all of the signals which Bgh does to complete its invasion of the 
host. As a result less complex signal transduction pathways may exist, or in some cases not at 
all. Therefore multiple assumptions had to be proved correct in order for this testing scheme 
to work – and in actuality they were not.  This would mean again that GFP expression would 
be hard to detect. As it was not practicable to perform RT-qPCR on all transformants only 
those that showed the strongest (or in this case visible) expression were selected for.  
 
There were also drawbacks to the choice of visual marker. Although the exact half-life of the 
sGFP molecule was unknown it was originally selected as a requirement for easily visible 
GFP during the screening process. This made the screening process easier as the prospect of 
protein degradation was reduced and human errors, such as missing GFP expression, could be 
minimised. However, in attempts to spot the temporal and cell-type localisation of the GFP 
problems could be encountered. Combined with a lack of sub-cellular targeting, the assumed 
long-life of the GFP molecule means residual GFP may be present over extended periods 
these times, so an assumption that the promoter is solely active at this time is not altogether 
applicable. Cytosolic movements between cells of the developing M. oryzae germling could 
have led to a “blurring” of the lines regarding actual site of production with GFP flowing, for 
example between the germ tube and developing appressorium.  
 
Although attempts were taken to understand expression by using RT-qPCR to detect relative 
levels of GFP mRNA, a drawback was encountered in the use of vectors which integrated 
randomly, and with an unknown copy number, rather than at a set region. This meant that 
intrinsic Magnaporthe elements could be affecting exact regulation, for example by placing 
the promoters near enhancer elements or leading to integration of upstream of native 
promoters. These factors could have resulted in the alternate expression profiles seen for the 
independent transformants of the regulatory region of EST C00879. Since expression was 
variable the decision was made not to test the mRNA abundance expression of the 
“conserved” C00879 promoter regions. Instead presence of visible GFP was the sole 
indicator of activity for that promoter section.  
 
Since only a few positive results were gathered in this study a change of approach may be 
necessary for future work. In the short term, the regulatory region of EST C00879 could still 
be analysed in M. oryzae. These tests should focus on using a vector that targets to a 




genetically neutral site (i.e. one where previous transgene incorporations have shown no 
apparent effects due to surrounding M. oryzae sequences). Also, Agrobacterium-mediated 
transformation, already in use with M. oryzae and with its high rates of transformation and 
lower levels of multi-gene insertion, should be considered (Jeon et al., 2007). With such a 
system it would then be possible to accurately compare expression of the regulatory region at 
the length originally chosen for this investigation and the conserved region. In this study 
attempts were made to create transformants with solely the upstream sequences that showed 
the least conservation, as a form of negative control. However these efforts proved 
unsuccessful. Future work should re-attempt the creation of such promoter/GFP fusions. This 
promoter, if not providing the binding sites for any transcriptional machinery would fail to 
drive GFP expression. This would then allow full confirmation of the role of the conserved 
regions of the C00879 promoter.     
 
Building on the results presented herein, the regulatory regions (for EST C00879 and EST 
C01420) could also be utilised in a yeast 1-hybrid system. This could identify the Bgh 
transcription factors that bind to them. This would be possible by placing this promoter 
region in front of a screenable marker such as GFP, the GUS gene (encoding β-glucuronidase  
an enzyme from Escherichia coli that hydrolyses β-glucuronides, many of which on cleaving 
produce coloured products) and then by inserting a library of Bgh cDNAs (linked to 
constitutive promoters) already used for the microarray work into yeast (Blanco et al., 1982; 
Hirt, 1991). It would then be possible to test for expression of binding products. Transcription 
factors seen to bind could then be used themselves as a source for further work to see what 
other regulatory regions they bind to. As noted by Reid et al., (2009) to start an analysis of 
transcriptional regulation we need to consider the single TF level first. Example techniques 
include that of Mukherjee et al., (2004) and Bonham et al., (2009) where the use of DNA-
based protein binding microarrays can rapidly identify transcription factor binding sites. 
Furthermore characteristics of this transcription factor may also be known in other species so 
data about behaviour could be gathered in this fashion. TFs have distinct preferences towards 
specific target sequences. By finding known binding sites it is then possible to model the 
target sequence properties. This may then lead to the creation of more accurate models for 
promoter prediction and allow some level of prediction throughout the genome (Wasserman 
et al., 2004). It may also be possible that in silico methods have developed since the time of 
original testing (2007-2008) to the degree that elements within the promoters may now be 
identifiable based on information gathered from other filamentous fungi. This is worth 




investigating alongside further experimental work. If experimental work is to be continued 
then maybe the entire region between ORFs (including the 5‟-UTR) could be used in future 
to ensure no regulatory region is missed. 
 
In conclusion, two CMEG promoter regions showed activity whilst present in Magnaporthe 
oryzae. However, another 20 CMEG/construct were tested and failed to show any activity. 
Although the methodology used during this study did have disadvantages (including 
unknown copy number and lack of targeting) this result suggests that the usage of M. oryzae 
is not feasible when it comes to widespread testing the of Bgh CMEGs regulatory regions. 
This is not necessarily surprising when it is very possible that due to its difference in lifestyle 
compared to Bgh (a hemi-biotroph vs. a true biotroph). Bgh may need more complex control 
pathways to maintain its highly tuned relationship to that of the host. The ability of M. oryzae 
to grow on multiple hosts mean it has not evolved to be solely in concert with one and 
therefore has less of a need of such complexity.      
 
Even if the Bgh genomic sequence is successfully analysed for an initial set of TFs the higher 
order of transcriptional regulation, transcriptional cascades, can still remain something of a 
mystery (Eckert and Muhlschlegel, 2009). Also the regulation of any gene may occur at any 
point during the progress of transcripts into functional (e.g. splicing or protein modification) 
(Wasserman and Sandelin, 2004). Therefore discerning the cis-elements in front of genes is 
merely the first step in trying to understand this complex organism. 
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Chapter 7: Discussion and concluding remarks 
 
In the introduction to this thesis the author referenced J. A. Lucas who (in his presidential 
address of 2003 for the British Society of Plant Pathology) observed that to successfully 
infect a host a pathogen must utilise both host and environmental cues to marshal its 
developmental processes in such a manner that it can successfully infect the host. It is the 
sensing of the host by barley powdery mildew, and the effect such sensing has on its gene 
expression that has been studied in this thesis.  
 
Progress of Bgh research during the course of this investigation. 
 
Schneider and Collmer (2010) identified 4 eras of molecular plant pathology research. The 
first they define as that of „disease physiology‟ (lasting from the 1900‟s to the 1980‟s). This 
era featured observational studies (for example that of Russell et al., 1975) and was based on 
using “cell-free extracts” showing biological activity. As the authors observe during this 
period the molecular basis for biotrophy remained unknown (Schneider and Collmer, 2010). 
The next era was that of „molecular genetics‟ (1980‟s to 2000) which was focused on small 
numbers of genes (Schneider and Collmer, 2010). Following this research moved into the 
„genomics era‟, beginning with the sequencing of Xylella fastidiosa by Simpson et al., (2000) 
(although other authors suggest it truly began with the sequencing of Saccharomyces 
cerevisiae by Goffeau et al., 1996)(Nakayashiki and Nguyen, 2009; Schneider and Collmer, 
2010). Genomic era investigations centred around the determination and use of an organism„s 
genome sequence to identify both the genes themselves but also non-coding yet functionally 
important regions of the genome (Archer and Dyer, 2004 and references there-in). Finally, 
the authors go on to note a new era of research, that of „systems biology‟, where investigators 
try to integrate knowledge of all parts of a pathosystem gathered by transcriptomic, proteomic 
and metabolomic studies into a viable model (Ideker et al, 2001, Collmer and Schneider, 
2010).  
 
Until recently the investigatory approach to Bgh has been reminiscent of strategies found 
within the molecular genetics era. The technical limitations of working with a biotroph have, 
essentially, forced investigators to approach its study in a piece-meal fashion based on ideas 
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garnered from other pathogens. Examples of such approaches include the investigations of 
Zhang and Gurr (2001) who attempted to investigate the role of MAPK in Bgh development 
based on the presence of homologs in M. oryzae or Bindslev et al., (2001) who uses M. 
oryzae as a heterologous host for the testing cAMP subunits. This is not to say that 
techniques associated with the genomics era (such as transcriptomics) have not been utilised 
or that advances have not been made using these techniques. Focusing on areas pertinent to 
the questions posed within this thesis when this investigation began (2006-2007) the role of 
hydrophobicity in development was proposed given its ability to induce varying amounts of 
ECM. In 2008 Zabka et al., further re-iterated the role of surface hydrophobicity as a prime 
factor in developmental inductivity by demonstrating that highly hydrophobic enhanced 
formation of later developmental stages (e.g. appressorial formation) of Bgh. With regards to 
compounds capable of inducing Bgh development the inductive capability of cutin monomers 
and aldehydes had already been cited in 1996 and 2002 by Francis et al., (1996) and Tsuba et 
al., (2002) respectively. A further advance in this area has recently been published by 
Hansjakob et al., 2010 again utilising observational studies. In this study multiple even chain 
length aldehydes were tested to determine their affect on germination and differentiation. 
Again 1-hexacosanal was shown to be the primary inducer of differentiation. These authors 
also noted other aldehydes such as the C28-aldehyde octacosanal, and even interestingly n-
hexacosanol, were effective inducers in both a dose- and chain length-dependent manner 
under the experimental conditions employed.  
 
With regards to gene transcription levels during Bgh development no studies have been 
published since 2005 which includes the first use of Serial Analysis of Gene Expression 
(SAGE) in a fungal plant pathogen (Thomas et al., 2002) and the microarray-based work of 
Both et al., 2005 (A, B); upon which sections of this thesis is based. To the author‟s 
knowledge the studies featured within this thesis are the first attempt to take the next step and 
link the activity of inductive compounds/conditions directly to gene expression. Similarly, no 
further feasibility studies of Bgh transformation have been published (although as mentioned 
at the end of Chapter 5 they are still being attempted by other research groups). Instead 
attention of the Bgh research community appears to be moving towards the use of proteomics 
with studies released in 2008 and 2009 looking at the proteome found within haustoria, 
conidiophores and spores (Bindschedler et al., 2009; Godfrey et al., 2009; Noir et al., 2009). 
In fact the study of Bgh conidiophores using 2D-gel electrophoresis by Noir et al., (2008) 
marked the first proteomic study of a fungal phytopathogen (Tan et al., 2009). Other efforts, 
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focusing just on investigations of post-penetration development, have begun to utilise „Host 
Induced Gene Silencing‟ where dsRNA is transferred from the host into Bgh, via the 
haustoria, permitting the silencing of genes required for virulence (Nowara et al., 2010). 
 
At the beginning of this study (2006-2007) the complete sequence of only one plant 
pathogenic fungus (M. oryzae) was available (although others were in the process of being 
sequenced) (Dean et al., 2005, Xu et al., 2006). However by 2009, the complete sequences of 
12 fungal plant pathogens had been released (including two biotrophs: Puccinia graminis and 
Ustilago maydis, Bhaduaria et al., 2009). In 2010, the sequence of Bgh was published, 
marking the most significant advance seen in the field during the course of this thesis (Spanu 
et al., 2010). With this achievement, it could be argued that research into Bgh has only now 
moved definitively into the genomics era. Schneider and Collmer (2010), as well as other 
authors, refer to organisms under investigation (and without sequence information) as “black 
boxes” (Schneider and Collmer, 2010; Xu et al., 2006). This advance provides a platform for 
comparative genomic studies that may explain the obligate nature of Bgh infection (Xu et al., 
2006). 
 
It has been the intention of the author to contribute to this general progress in Bgh research by 
highlighting the strong reliance that barley powdery mildew places on its host and how 
development of the fungus relies strongly on select cues present at different stages of 
development. The thesis began with an example of the differential growth behaviour on 
different surfaces (Chapter 3). It followed with attempts to elucidate the signals that spur 
development in the germinating pathogen and also to see how exactly the gene expression of 
the pathogen responds to those signals (Chapter 4). In the second half of this thesis 
investigations focused initially on the use of Agrobacterium tumefaciens as a method of 
transforming Bgh (Chapter 5). The inability to transform this fungus and allow genetic 
manipulation has proven a hindrance to analysis of the lifecycle of this pathogen. As this was 
not overcome, the latter part of the thesis (Chapter 6) documents attempts to use a model 
fungal pathogen, Magnaporthe oryzae, as a heterologous host for deciphering the regulatory 
systems of genes known to both show co-expression and also responsiveness to the substrate 
the pathogen was developing on. 
 
To summarise the results observed, it is clear that Bgh responds to underlying substrata with 
alternate genetic expression resulting in varied morphological development. In Chapter 3 
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this was demonstrated most clearly when germling development on the host was compared 
with that on glass. On the artificial surface the majority of spores at all time points tested 
were limited to the earliest pre-penetration developmental stages and often produced just one 
germ tube. In comparison on the host all stages of development were observed including 
post-penetration events such as haustorial formation. From these results we may conclude 
that to ensure correct functional development, energy and resources must be employed at the 
right stages of infection otherwise no infection is achieved at all. Additionally, the fact that 
differential behaviour was seen on different surfaces, which offer significantly different cues 
(for example, glass slides lacking the cutin monomers and cuticular waxes of the host), 
suggests that a Bgh germling is indeed sensing the substrate upon which it lands and not just 
responding to a “touch” stimulus. Such a conclusion is not novel, since other authors have 
made similar observations but the study in Chapter 3 adds further support for such a 
hypothesis. Therefore, during development the signals from the host are taken up and 
stimulate advanced stages of development. These signals can range from cutin monomers to 
aldehydes to more prosaic characteristics including hydrophobicity. Even though attempts 
were made in Chapter 4 to trial a number of these signals to see their effect on development 
and expression, morphological effects were often easier to discern than changes in gene 
expression. In support of studies by Tsuba et al, (2002) (and more recently Hansjakob et al., 
2010), the aldehyde 1-hexacosanal was shown to induce Bgh appressorial formation. Its 
addition to glass slides led to a significant increase in appressorial formation, which 
outweighed all other artificial surfaces/coatings tested. This highlights the importance of this 
aldehyde over other components in induction, and supports both Tsuba et al., (2002) and now 
Hansjakob et al., (2010) in their conclusion that this component of the wax was the most 
inductive of all. In addition for the first time (to the author‟s knowledge), the barley cutin 
monomer, 16-hydroxyhexadecanoic acid, was shown to also have inductive potential 
(although potentially less than 1-hexadecanol). Of the genes tested, although hindered to a 
degree by a lack of resolution, it appeared that many genes did not just respond to one sole 
stimulus but rather to a combination of stimuli. Further analysis suggested that some of these 
genes had no known function („Orphans‟) and furthermore had no identifiable homologs in 
other species. Others encoded proteins with identifiable functions. These included 
glycosyltransferases, potential glucan-1,3-glucanases, and MAPK interacting proteins. 
Additionaly theses proteins had homologs within varying numbers of ascomycete species, 
including organisms that were necrotrophs or hemibiotrophs. Both the unidentified and 
indentifiable genes are candidates for future investigations. Those that have homologs in 
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organisms that are transformable are candidates for complementation experiments. Those that 
are unidentifiable become points of interest in attempts to define genes that are Bgh specific 
genes.  
 
In the second half of the thesis, work with an Agrobacterium-based transformation system 
(Chapter 5) was not conclusively successful with just one potential transformant. 
Nevertheless it did provide both the rationale and the impetus to trial a heterologous host 
whilst also forming the basis for experiments in other research groups. Attempts to utilise M. 
oryzae as a host to examine the proximal promoter regions from CMEG genes („Co-ordinate 
Mis-expressed Genes‟) (Chapter 6) highlighted two promoters in particular that were active 
in this heterologous host. This result offers the potential, in the form of deletion or 
mutagenesis, for discovering the regulatory elements contained within these sequences. 
Notably these results argue that for the greater majority of sequences tested (at least in the 
context of Bgh promoters), the use of M. oryzae as a heterologous host is not a viable 
strategy. As this was the case it was not possible to attempt the analysis of promoters for the 
genes studied in Chapter 4. Of those that were tested (readers are referred to table 8 for 
details), no fluorescence was detected; and as such further analysis could not be conducted. 
Furthermore, for at least some of the regions tested, results (a lack of fluorescence but PCR 
analysis confirming proving that the transformation was successful) suggest that even though 
some of these genes may show co-expression with one another, their regulation is not 
necessarily achieved via the same mechanism. This is not surprising and has been 
encountered with other data sets (Clements et al., 2007). However, these results reinforce the 
notion that Bgh relies on complex regulatory control networks that synthesise inputs in the 
form of multiple host-originating signals to ensure dynamic integration with the host and 
successful development. This seems necessary as nutrients of the spores are limited and mis-
regulated development could lead to impaired function and a lack of infection. 
 
How and why could such complexity of regulation have arisen? During the sequencing of the 
genome of Bgh a large proliferation of transposable elements (TEs) (accounting for 63 % of 
the genome size) was observed (Spanu et al., 2010). These TEs include Non-LTR 
Retrostransposons, which encode activities permitting their retrotransposition (Kazazian, 
2004). In comparison only 9.7% of the M. oryzae genome comprises repetitive DNA (formed 
of retroelements and DNA transposons) (Dean et al., 2005, Xu et al., 2006). Their presence, 
linked to the apparent lack of the Repeat-Induced Point Mutations Pathway, may have 
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allowed increased genetic variation of the pathogen without the need of sexual recombination 
(Spanu et al., 2010). Although advantageous when thought of in terms of the plant-pathogen 
“arms race” (specifically the interactions of pathogen released effectors, pathogen associated 
pattern triggered immunity and effector triggered immunity), TE insertions into both genes 
and their regulatory elements may also have had detrimental effects by disrupting function 
and control (Biemont and Vieira, 2006). Also observed during the sequencing of Bgh was the 
relatively small numbers of genes involved in common biosynthetic pathways – except genes 
essential for biotrophy (Spanu et al., 2010). This may be indicative of the cumulative damage 
caused by TEs during co-evolution with the host. Given the potential for TEs to cause 
damage over time, the fungus may have begun to lose the ability to regulate some of its own 
genes. Simultaneously, in a form of simplification of control, Bgh evolved to place part of the 
“responsibility” for regulation on the host. By depending on signals normally generated at 
specific points in infection to regulate development the fungus was reducing the potential for 
mis-regulation by a TE insertion in a gene upstream of a critical process. Alternatively to this 
the very presence of the TEs, with insertions leading to chromosomal re-arrangements and 
movement of genetic elements, may have permitted the diversity of cis-elements required to 
begin developing these complex networks. This could be due to some form of redundancy in 
copy numbers, now lost, which would have permited regulatory sequence divergence 
(Wohlbach et al., 2009). Such divergence could be due to mutations in the cis-elements (or by 
changing the gene product itself thereby altering feedback) (Ronald et al., 2005). 
Alternatively because of replication, altered genes and their products then go onto affect other 
genes in trans (Wohlbach et al., 2009). 
 
Chapter 3 (Characterising Blumeria graminis f. sp. hordei Germination Behaviour) and 
Chapter 4 (Germination on Modified Surfaces): critique and future work.  
  
In the first half of the thesis experiments relied heavily on microscopy analysis to obtain 
evidence of Bgh development. Bgh only attacks epidermal cells and the majority of its 
structures (except the haustoria) grow epiphytically in a synchronous fashion. As such 
microscopy coupled with fungal staining offers both a convenient and reliable method of 
observing early development (Panstruga, 2004). Based on such techniques visual counting 
and classification provide a relatively reliable system of categorising spore development not 
just on the host but on a range of surfaces. It allows simple conclusions to be deduced 
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regarding inductivity and has been used in other studies (such as Tsuba et al., 2002) as the 
basic method of information gathering from which future investigations are often initiated.  
 
However, microscopy and counting do have limitations and shortfalls. Although one of the 
few techniques that can be applied with ease to the study of Bgh, it provides only the most 
basic of information and does not reveal what is actually going on within the fungus itself. It 
may indicate, for example, that a certain wax component has an inducing effect, but not the 
mechanism or indeed how this effect is manifested. Furthermore, the Bgh developmental 
cycle is a continuous process and the developmental stage classifications used are a crude 
attempt to profile spore development. As such, if these categories are not specifically defined 
uncertainty can arise when describing an observation or in terms of the ability to compare 
different studies. As an example the classification used during the „stimuli screen‟ (section 
4.3.1) in Chapter 4 utilised three categories which offered the potential for confusion. The 
system tried to differentiate between a developing secondary germ tube, an elongating 
secondary germ tube with appressorial characteristics, and an appressorium proper. In the 
case of this germ tube such classifications are highly subjective and evidence will be biased 
dependent on the observer involved; potentially resulting in inaccurate conclusions. With 
such facts in mind it is no surprise that other authors (dependent on the aim of the experiment 
for example Tsuba et al., 2002) all utilise or emphasise different styles of classification. 
Consequently, it can be difficult to integrate the information gathered in different studies into 
a global picture for Bgh – a strategic aim of Bgh studies.  
 
Other limitations existed with the exposure of stimuli to spores. Although providing an 
example of differing hydrophobicity, the polyacrylamide gel backing (gelbond) used in this 
study failed to spur development to the same degree as seen with other studies that used 
surfaces of increased hydrophobicity (but different formulation) e.g. Zabka et al, (2008). This 
was believed to be due to an inhibitor of development on the gelbond. Consequently, the 
author believes this surface does not accurately portray the effects of hydrophobicity on gene 
expression selected in this study. In the case of the cuticular products application was 
dependent on manual spreading which resulted in an uneven presentation of the chemical to 
the fungus. To reduce variability in application (which contributed to variability in growth 
and gene expression) future studies need to meet the application standards of other 
investigations which used a spray based system followed by slow evaporation. This would 
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allow better comparison of any results obtained with these studies with the research found of 
other groups – a necessary feature of the „systems biology approach‟.    
 
In this thesis observation time points to assess the effect of stimuli on Bgh development were 
chosen at 4 and 16 h.p.i. (Figures 4.8 and 4.9). The 4 hour time point was chosen to match 
the microarray time point upon which the premise for the RT-qPCR assays were based. 
However, if we want to judge the effect of monomers and aldehydes on emergence of the 
primary germ tube, earlier observation time points may be more beneficial for example 30 
minutes to 1 hour post inoculation (the time frame within which the PGT is known to 
emerge). Potentially by 4 h.p.i. differences in the rate of PGT emergence are camouflaged as 
only the final proportion of the germ tube is considered. In this study compounds that induced 
the greatest proportion of PGT, SGT and APP structures were assessed in the hope that more 
noticeable changes in gene expression may be observed. In an alternative experiment it may 
have been interesting to choose inductive substrates that cause similar levels of structural 
development and analyse the speed at which this takes place. This may indicate the 
importance the developing Bgh spore places on specific stimuli. 
 
With regards to future work there are a number of observational experiments that would build 
on the results detailed in Chapters 3 and 4. Although a variety of stimuli were tested for their 
effect on gene expression (including an extract from the barley cuticle), none came close to 
the relative speed of induction, or the advanced nature, as seen during development on the 
host (and to a lesser degree on wheat). Therefore future work should aim to expand the range 
and combination of stimuli presented. Aims should include trying to see how each compound 
is linked to Bgh inductivity, how they relate to hydrophobicity (as an inductive feature of the 
cuticle) and if there is some form of redundancy between a stimuli‟s chemical or hydrophobic 
properties.   
 
The first step in such an investigation would use a combination of monomers studied by 
Francis et al., (1996) (cis-9,10-epoxy-18-hydroxy-stearic acid and 8,16-dihydroxy-palmitic 
acid), 16-hydroxyhexadecanoic acid and 1-hexacosanol (the cutin monomer and aldehyde 
tested with in Chapter 4) on chromic acid cleaned glass slides. Levels of appressorial 
development could then be monitored to see if they matched that of the host. If it did then it 
would suggest that all of the factors needed to cause successful pre-penetration induction 
would be known. If not further compounds would need isolating from the barley leaf. This 
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hunt would aid in the discovery of their receptors and delineating the signalling pathways 
downstream of them.  
 
If the full range of stimuli (inducing host-like levels of development) were added to the glass 
slides in a similar fashion as to that described in this thesis (where levels of hydrophobicity 
remained unchanged) then it could suggest that biological/chemical structures of the stimuli 
were the key to germination rather than just their hydrophobic properties. The results of 
Zabka et al., (2008) which demonstrated that increased hydrophobicity led to increased 
appressorial formation would suggest this may not necessarily the case. If host like-levels of 
appressorial formation could not be induced then applying the stimuli combination in a 
fashion that allows widespread crystal formation (resulting in increased hydrophobicity) 
could be attempted. If host like-levels were induced it would also suggest all of the major 
inductive compounds of the barley leaf surface had been isolated and furthermore that 
induction was based on both the chemical and hydrophobic properties of the compounds 
involved.  
 
Combined with these studies, analysis of surfaces with highly increased hydrophobicity (i.e. 
those of contact angles close to those generated by the barley cuticle, as suggested by Zabka 
et al., (2008) should be made. If induction levels matched that of the host, combined with the 
results of Chapter 4, then it would be confirmed that Bgh responds to both hydrophobicity 
and chemical properties of stimuli but that hydrophobicity was the more important factor. 
Results presented in Chapter 3 (where wheat leaf surfaces presented hydrophobicity of 
similar levels to the barley leaf) may already hint at the results to be expected. As an 
example, conidial germination at all the time points tested, was less than that seen on barley, 
suggesting that hydrophobicity by itself will not lead to host-like levels of developmental 
induction and so a combination of stimuli is required.   
 
Based on the inability of Bgh to survive on any host except barley the initial reaction would 
be to suggest that the lifecycle of the spore and its requirement for a specific host would 
suggest stimuli redundancy was not the case. However bearing in mind the development on 
wheat (and the potential role of host defence reactions) then such redundancy becomes a 
more realistic possibility. If this redundancy does indeed exist, then the obligate nature of this 
fungus on the host may not be based on the inability to “sense” (inductive) compounds but 




Identification of all leaf surface compounds would aid in the search of their Bgh receptors 
and comparisons to the behaviour of other formae speciales. Proteins predicted to be 
membrane-bound and that harbour typical binding sites (based on the translated gene 
sequence from the recently annotated genome) could be over-expressed in bacteria and 
structurally analysed. Binding site features to consider include those with size-selective 
hydrophobic cavities (Hansjakob et al., 2010). Those with active sites that have properties 
that suggest potential binding with for example, 16-hydroxyhexadecanoic acid, could be then 
be listed and featured in (if transformation allows) knockout studies or complementation 
studies in other pythopathogens such as M. oryzae which shows increased germination on the 
presence of cutin monomers.  
 
Future experiments could also look at the timed application of stimuli. The application of the 
monomer and aldehyde stimuli used in this investigation meant that the fungus was 
continuously exposed. Compounds may also affect more than one developmental process (for 
example the role of 16-hydroxyhexadecanoic and 1-hexacosanal in inducing both the PGT 
and the SGT) so it is impossible to state at exactly which point the compound is sensed and 
how often. In order to determine exactly when the compound is sensed it would be necessary 
to expose the monomer to the fungus for a set time, and then to remove the stimulus. In one 
scenario slides could be partially covered with a stimulus and spores that have reached a 
certain level of development (for example PGT) could then be rolled via micromanipulation 
(in a similar process to Wright et al., 2002) onto another area of the slide that (for example) 
had been treated. Advances in development could be then be monitored by microscopy and 
potentially allowing differential reliance for stimuli to be discerned for each germ tubes.  
 
As noted previously to the author‟s knowledge the RT-qPCR studies featured within this 
thesis are the first that try to link Bgh development directly to gene expression. There were 
several drawbacks with the RT-qPCR technique apart from the technical problems already 
discussed in Chapter 4. During the writing of this thesis it was noted that several 
improvements to this process have subsequently been made. A prime example being the 
reliance on just one reference gene (here NADH ubiquinone oxioreductase), which was used 
as a “marker” to gauge relative differences in expression levels of the genes tested. Although 
other reference genes were examined the NADH ubiquinone oxioreductase was chosen as the 
alternatives demonstrated uneven expression (after inspection of microarray data). Such a 
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dependence on one reference gene is no longer accepted practice with authors such as 
Derveaux et al., (2010) advising the use of between 3 to 5 reference genes. As such the data 
cannot be accurately compared to new data generated in future studies. Conceptually this is 
problematic given that work will focus on systems biology approaches.  
   
Another drawback (although one that could be remedied in future experiments) featured the 
extraction of RNA from a population of spores, not only those which showed the most 
advanced state of development on the surfaces under investigation. Spores vary in fitness and 
so hoping all would respond uniformly with sufficient speed to provide a significant change 
in expression is not feasible. The spores would (at 4 h.p.i.) have been at slightly different 
stages of development. Any induction by a compound would therefore be complicated by the 
fact that gene expression in each of the spores is not uniform. In future experiments the use of 
laser capture micro-dissection may be useful in harvesting RNA solely from the proportion of 
spores demonstrating the most representative level of development for that surface. Although 
this technique is not new (having originated with Emmett-Buck et al., 1996) and it would be 
laborious to apply, it could be coupled to more modern technologies such as RNA pre-
amplification to increase RNA levels to a more experimentally useable level (Vermeulen et 
al., 2009). RT-qPCR could then be performed with samples that were more distinct in their 
mRNA abundances. 
 
An alternative to the RT-qPCR experiments would involve the use of microarrays comprising 
the 2072 unigenes (as used previously by Dr. Paramor), to detect changes in gene expression 
in response to the inductive compounds. An example of the use of this technique is shown in 
the study by Oh et al., (2008), where they monitor M. oryzae germination on a hydrophobic 
surface following stimulation by cAMP. As a proven technique, microarray is an obvious 
choice for assaying gene expression levels between spore populations, allowing the tracking 
of thousands of genes over multiple conditions (Lorenz et al., 2002). Any changes in gene 
expression would have been referenced against a universal standard negating the problems 
associated with the reliance on one reference gene with potentially non-uniform expression. 
One obvious advantage with this technique is the ability to monitor gene expression in 
response to different stimuli, which can inform about the function of specific genes (Lorenz 
et al., 2002). However, such an experiment was not undertaken, given the time invested in 
attempts to use M. oryzae as a heterologous host. As such the decision was made to measure 
a select number of genes via RT-qPCR and then to compare their profile back to the data 
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gathered by microarray. However now that the full genomic sequence of Bgh is known, it 
should be possible to construct microarrays based on the full gene complement of the 
organism rather than just an EST library (as utilised during the earlier studies). This would 
ensure the expression of all annotated genes was monitored not just those that were present in 
the EST libraries on which the studies of Both et al., 2005 (A,B) were based. If such arrays 
were employed to test the effects of 16-hydroxyhexadecanoic acid and 1-hexacosanal on 
early gene expression, then a more complete picture of gene activation in response to specific 
compounds could be produced. By noting the genes which were activated, it may be possible 
(with some form of comparative analysis with other pathogens and data mining of genomes) 
to discover not only the signalling pathways involved, but also some of the transcriptional 
networks that they utilise. In a complementary approach, data mining of the Bgh genome with 
the aim of identifying  genes thought to encode surface based receptors.  
 
Alternatively, Serial Analysis of Gene Expression (SAGE) (as performed in the study by 
Thomas et al., 2002 mentioned earlier) could be used, as it has a number of advantages over 
microarrays. It does not need sequence information and has been shown to identify small 
Open Reading Frames (ORFs) missed during genome annotation (Lorenz et al., 2002). This 
technique scores mRNA levels dependent on the abundance of sequences constructed from 
short cDNA segments that were originally converted from cellular mRNA (Lorenz et al., 
2002, and studies therein). Irie et al (2003) utilised SAGE to study gene expression during 
appressorium formation in M. oryzae conidia in the presence of cAMP. A previous drawback 
to the use of SAGE technologies was the cost. However, with the advent of next generation 
sequencing this will decrease (Tan et al., 2009). Additionally, SAGE requires large amounts 
of RNA, however refinements have been made, such as microSAGE (Datson et al., 1999), 
which require up to 5000-fold less RNA than normal SAGE procedures (Bhadauria et al., 
2007A). These technologies could be applied to others such as laser micro-dissection to allow 
for a more cell-type specific analysis.  
 
Chapter 5 (Toward the Agrobacterium mediated transformation of Blumeria graminis f. 
sp. hordei): critique and future work. 
 
Technical drawbacks to the experimental approach used in this chapter have already been 
covered (See the discussion section 5.5 in Chapter 5). These included, for example, use of a 
liquid based inoculation strategy or the lack of continuous selection. Another drawback lay 
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not so much with technique but with approach. Due to the significant potential for failure (as 
evidenced by the continuing attempts over the past 15 years to create a reproducible method 
of transformation; see Christiansen et al., 1995; Chaure et al., 2000; Matsuda et al., 2000) the 
study was limited with attention focused on the use of M. oryzae as a heterologous host. This 
fact, coupled with the inexperience of the author, meant that no robust downstream screening 
procedure was in place to analyse transformants should they have arisen. As such, when a 
transformant was observed (as evidenced by its ability to grow on triadimenol selective plants 
and the presence of fluorescence), the sample was lost before conclusive PCR analysis to 
determine the presence of GFP could be performed. This, however, did prompt the 
implementation of a robust screening system for experiments in Chapter 6. With hindsight, 
rather than attempting to harness M. oryzae as a heterologous host, more strains of 
Agrobacterium (including those of increased virulence), different dilution concentrations of 
bacterium, as well as varying ages of Bgh colonies could have been tested. However, it is 
difficult to suggest alternative ideas for the transformation system itself when it is clear that 
common alternatives (such as protoplast-based transformation approaches) are either 
inappropriate, due to the constraints of the Bgh lifecycle, or have previously been tried and 
proved unsuccessful (for example biolistic-mediated transformation). One alternative that has 
yet to be tried includes the use of microinjection of plasmid vectors (with increased flanking 
regions to enhance homologous recombination) into the developing conidiophores or spores 
that have landed on the leaf surface and begun germination (Prof. Kim Hammond-Kosack, 
personal communication). This may be a more reliable method of transformation in 
comparison to the literally “hit or miss” approach of biolistics, however it will lack the 
accompanying proteins utilised as part of the Agrobacterium T-DNA system that, when 
successful, ensure higher transformation rates. Future work should also continue to focus on 
trying to transform Bgh, if possible using Agrobacterium-mediated transformation since there 
were indications presented in this thesis that, as a technique, it may be successful.  
 
Now the genome sequence is available, a successful transformation system would be more 
advantageous than ever before. Although genomic techniques are powerful, without a genetic 
system which allows gene function validation their value is reduced (Yoder and Turgeon, 
2001). Therefore the ability to transform this pathogen would allow manipulation of genes, 
the conformation of identity, discernment of role, and the piecing together of the intertwining 
of pathways and interactions that lead to pathogenicity. For such functional analysis of 
annotated genes, homologous recombination (mediated by DNA transformation) is necessary 
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to allow a better understanding of gene function via target gene disruption/knock-out or 
manipulation (Kuck and Hoff, 2010). Therefore the inability to transform is an obstacle that 
needs overcoming. According to Bhaudauria et al., (2009) several disruption approaches 
exist. They list disruption of the gene, alteration in expression levels and gene replacement. 
Gene disruption has been used in M. oryzae to discern the role of MPG1 in germination, the 
promoter of which was used as part of the transformational control vector pMJK27.2 in 
Chapter 6 (Talbot et al., 1993). A systematic approach to mutagenesis includes creating a 
library of strains where every non-essential gene is mutated (Lorenz et al., 2002). If 
experiments with Agrobacterium do prove fruitful, then a large scale insertional mutagenesis 
screen, similar to that carried out in M. oryzae by Jeon et al., (2007), could be performed. 
Furthermore by having the complete genome sequence it will be easier to identify any tagged 
locus (Lorenz et al., 2002).  
 
However, even if transformation is achieved as noted by Talbot and Hamer (2000) with an 
obligate pathogen, trying to target genes for disruption may not be a viable strategy. Although 
some Blumeria genes may not be essential, if the disrupted genes are essential for life 
(especially if they are single copy) then the fungus may simply fail to grow on the host. 
Unlike non-obligate pathogens where additives in the media can compensate for example, for 
an inability to metabolise a compound, it would not be possible to provide such supplements 
to a pathogen that only grows on the host. Instead gene disruption in this organism could be 
based on a temporary gene silencing mechanism, manipulated by a switch promoter system 
(Zhang and Gurr, 2001). RNAi (RNA interference, a technique utilising double stranded 
RNA triggered degradation of homologous mRNA), for example, has been used to 
successfully down regulate genes in other filamentous fungi e.g. Cryptococcus neoformans 
(Liu et al., 2002). RNAi has several advantages over actual gene disruption in this regard 
(Nakayashiki and Nguyen et al, 2009; Bhaudauria et al., 2009; Kuck and Hoff 2010).  It may 
only cause a partial reduction in gene transcript rather than a complete loss allowing for some 
growth and may knock-down the expression of multiple genes so long as they are of 
sufficient sequence similarities (Nakayashiki and Nguyen, 2009). This can reduce any 
compensation by other genes, which may be mitigating any resultant phenotype. There are 
disadvantages with RNAi including “off target gene effects” where genes (of high sequence 
similarity to the intended target) are also silenced. This can complicate interpretation of 
phenotypes (Bhaudauria et al, 2009; Nakayashiki and Nguyen, 2009). However, it is possible 
to screen for such potential effects if a genome sequence is available, as is the case with Bgh 
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(Weld et al., 2006, Bhaudauria et al, 2009,). RNAi has also been used in M. oryzae to study 
calcium signalling proteins during infection related development (Nguyen et al., 2008). 
Ideally, with a functional transformation system, one could insert plasmid constructs that 
express homologous sequences, hairpin RNA or intron containing hairpin RNA, the latter two 
of which Nakayashiki and Nguyen (2009) consider more reliable for inducing RNAi based 
silencing in fungi. With an inducible promoter of some kind (for example linked to plant 
stimuli sensing pathways) silencing at a certain point in development could be achieved. This 
promoter would need to be tightly controlled otherwise there would be difficulty in 
determining the difference between RNAi induced and uninduced phenotypes (Kuck and 
Hoff, 2010), unless a system such as that used by Nguyen et al., (2008) in M. oryzae is 
obtained. In this system (to aid high throughput analysis), an eGFP gene was incorporated 
into the vector used, and was transcribed as a chimera with the gene of interest. As a 
consequence, spores that were undergoing silencing also fluoresced. In the case of Bgh such a 
system would prove useful in determining between spores that were actually affected by 
silencing, and the sizeable proportion (especially on glass) that were merely less fit and 
failing to germinate for other reasons. 
 
One significant obstacle to the use of RNAi is the knowledge that in some fungal species, 
proteins that comprise the RNA silencing pathways appear to be missing (as in Ustilago 
Maydis; Nakayashiki and Nguyen, 2009). The fact that high numbers of transposons are 
active in Bgh would initially suggest at least some of the RNAi machinery may not be 
functional - as in some fungi it is known to suppress transposons (for example LTR-
retrotransposons in M. oryzae; Murata et al., 2007). Fortuitously, studies utilising barley 
(„Host induced Gene Silencing‟) as an expressor for dsRNA or siRNA which can be 
transferred into Bgh have demonstrated that RNAi is indeed a valid strategy to employ in 
Bgh. However this system cannot be used to silence genes before penetration of the host (and 
formation of a functioning haustoria proper has occurred at approximately 16 h.p.i.) and so is 
not really suitable with regards to the questions addressed within this thesis. Therefore 
transformation of Bgh would still probably form the cornerstone of any indepth attempt to 
analyse gene behaviour pre-penetration.  
 
With a successful transformation system it could be envisaged that goals for future work 
would include the knocking down of genes with differential expression at 4 h.p.i. (i.e. those 
identified in Chapter 4) to see exactly what kind of effect that would have on development. 
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Roles in glycosylation, penetration and cell wall remodelling could be confirmed as could the 
affect of a protein on MAPK signal pathways. More importantly genes of unknown function 
could be analysed allowing potentially novel infection factors to be revealed. Since many of 
these genes are present as single copies the problems associated with redundancy muting 
phenotypes would be reduced. Observational studies of development (as well 
transcriptomics) on the host would be used to determine at what stage of pre-penetration the 
phenotype exhibited itself. It would also be interesting to determine the contribution and 
importance of aldehydes or cutin monomers in silencing part of the signal apparatus or 
receptors that transduce changes in gene expression. In this case the phenotype may, for 
example, exhibit itself as an inability to progress past the formation of primary or secondary 
germ tubes.  
 
Other uses of transformation include the in-situ localisation of product, assessment of 
translation rates and the use of fluorophore-tagged proteins to understand interactions 
between specific proteins (for example receptors and signal pathway components) during Bgh 
germination. When a donor and acceptor fluorophore on different proteins reach a certain 
proximity from one another non-radiative energy transfer between them can be monitored via 
„Fluoresence Resonance Energy Transfer‟ (FRET) analysis indicating the time and location 
of successful interaction (Panstruga, 2004). Transformation would permit endogenous 
fluorescent tagging and allow the study of gene position in living cells. This would permit 
studies of the dynamic genome organisation and the plotting of nuclear sub-domains which 
could explain gene activity (Saez-Vasquez and Gadal, 2010).  The role (temporal and spatial) 
of secondary messengers (such as calcium) could also be studied via the use of „cameleon‟ 
proteins which have a calmodulin binding domain between two fluorophores, as have been 
used in other studies (Panstruga, 2004). Most importantly we could also track effectors 
leaving the host cell. This could make R-genes easier to study as “gene-for-gene” interactions 
mediating barley defence could be visualised. By producing transformants of the powdery 
mildew carrying a putative avirulence gene (for example thought to transfer to the host via 
the haustorium) we may then be able to observe its appearance in the host by using GFP-
fusion tags. This may tell us its roles in infection. Furthermore it may even allow the 
matching of avr genes to known resistance genes in the host (Talbot and Hamer, 2000). A 
press release at the 10
th
 International Barley Genetics Symposium (IBSC), 2008) suggested 
genomic data is soon to become available for barley. Furthermore transformation protocols 
already exist for this model plant, including for „Golden Promise‟ the cultivar used during 
 293 
 
this work (Hensel et al., 2008). This will mean it will be easier to analyse both sides of this 
host-pathogen interaction. By doing so you would complete both sides of the picture in 
regards to host/pathogen defence. 
 
Until transformation is achieved many of these plans will remain unfulfilled. In the meantime 
if direct transformation cannot be achieved then the use of synthetic siRNA may be 
considered. Still an emerging technology, synthetic siRNA has been used in studies of 
Aspergillus nidulans to silence an ornithine decarboxylase gene during germination (Khatri et 
al., 2007). Of course since the addition of siRNA to the culture medium (as performed by 
Khatri et al., 2007) is not an option for Bgh, alternative methods must be considered. The 
coating of germination surfaces followed by the application of spores is one option, although 
the presence of fluid may impede germination (one of the reasons for failure mentioned in 
Chapter 5). In the case of Bgh synthesis siRNA could be injected into the spore to inhibit 
gene function during development, dependent on the survival of the cell after the wall is 
breeched. 
 
Chapter 6 (CMEG 5’-regulatory region driven GFP expression in Magnaporthe oryzae): 
critique and further work. 
 
As early as 1999, questions were being asked regarding the correlation between protein levels 
and mRNA (Lorenz et al., 2002 and studies therein). Therefore the testing of Bgh promoters 
in M. oryzae to understand transcriptional regulation already has its limitations in trying to 
decipher mechanisms of Bgh development, even before shortfalls in using a heterologous 
host (such as alternate TF networks) are considered. It is known that post-translational 
regulation (turnover and modification such as glycosylation) leads to effects on both protein 
activity, abundance as well as temporal and spatial location (Lorenz 2002, Kim et al., 2007, 
Bhadauria et al., 2007). Therefore even though promoter analysis (and RT-qPCR analyses) 
may begin to unravel some of the methods of gene regulation, conclusions must necessarily 
be tempered with caution. Many such modifications are reversible and have roles in 
regulation not readily detectable from either genomic sequence data or mRNA expression 
data (Bhadauria et al., 2007). Furthermore proteins often act as complexes. Therefore just 
because one gene may be transcribed in M. oryzae in a similar fashion to Bgh, this may not be 
true of their action as proteins (whose activity may depend on another gene that is not 




As for future work regarding promoter regions efforts should be made to build on the results 
presented in this thesis. Further structural analysis of the regulatory region of EST C00879 
could be performed in M. oryzae, and combined with work involving the yeast 1-hybrid 
system, the identity of Bgh transcription factors that bind to the region (and the motifs they 
recognise) could be elucidated. Other regulatory regions from the same expression cluster as 
EST C00879 could be tested in M. oryzae. Although the few tested alongside EST C00879 
did not show fluorescence there is no guarantee that others may not. Furthermore, other 
conserved genes, for example encoding other histones, could also be tested to establish 
whether they are active in M. oryzae. On discovering the TF that binds EST C00879, it would 
be possible to employ the strategy (i.e. microarrays) used by Odenbach et al., (2007) to 
identify genes that are regulated by a specific TF (in this case Con7p). Microarrays can then 
be performed to determine which other genes, and most importantly which CMEG genes are 
regulated by these TFs. 
  
One drawback not previously mentioned includes the low number of regulatory region types 
actually tested in M. oryzae, primarily due to logistical reasons. Although suggesting that M. 
oryzae is not suitable for use as a heterologous host for analysis of Bgh regulatory regions, 
the transformation and screening process (acting as a logistical bottleneck) meant only 22 
CMEG promoters were successfully screened for activity. Therefore if further regulatory 
regions were screened a different conclusion may have been formed. Whether this would 
have been the case is debatable. However even if this had occurred, limited options due to the 
nature of Bgh biotrophy meant the use of heterologous hosts may be unavoidable. Therefore 
it may be better to use such hosts to study the protein interactions directly, rather than trying 
to understand regulation with all of the assumptions such a study would require. If future 
heterologous host usage is to be considered it may be best to use Saccharomyces cerevisiae. 
Although not a close relative of Bgh as it has a well-annotated genome, well-studied 
physiology, and a number of mutant strains are available for functional complementation 
analysis (Bachi et al., 2008). Also as noted by Bachi et al., (2008) multiple genomic, 
transcriptomic and proteomic studies have been carried out on this yeast so such studies may 
go some way to nullifying uncertainties. Yeast two hybrid analysis (to study protein-protein 
interactions) could also be used to understand signal pathways downstream of stimuli 
receptors. In such analysis one protein of interest is bound to a DNA binding domain and 
another protein of interest fused to a transcription activating domain, which when an 
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interaction occurs, activation of a transcriptional reporter occurs (Bhaudauria et al., 2007). 
After data mining the Bgh genome, genes identified as receptors could be analysed in the 
yeast two hybrid system and protein-protein interactions scored.  
 
Future work should investigate the signal transduction pathways in Bgh, knowledge of which 
remains very fragmented. This would start by cataloguing all the genes in Bgh with 
homologues in other organisms known to be involved in signalling. Future work must try to 
link surface signals to these transduction pathways (by locating receptors for known stimuli) 
and to try to fully understand what roles they play in the regulation of gene expression. 
Concerted efforts should be made to data-mine this information to spot components (for 
example G-protein coupled receptors) of, and piece together, these signal regulatory 
pathways. By knowing full signal chains rather than fragmented information it would be 
easier to discern the role of these chains in Bgh by comparing it to other fungi, but may also 
allow better methods of analysing these pathways. Another, more short-term benefit, would 
include a more focused investigation during future expression studies where the fungus is 
exposed to other signals. Also now we have more information regarding the Bgh genome 
maybe one of the next steps to aid elucidation of the function of genes is to start mapping 
where they exist in the genome compared to similarly regulated genes. This could lead to the 
identification of clusters of genes and give added clues to determining nearby regulatory 




More fundamental questions also exist with regards to barley powdery mildew. When did 
Bgh become solely specific on barley? Is it assumed that Blumeria has co-evolved with the 
cereals since their domestication in the fertile crescent? How would we find this out? 
Ancestral populations may contain non-essential genes showing greater genetic diversity. 
This has been done before in the case of Rhynchosporium secalis and suggested this pathogen 
(once thought to originate in the middle east) has Scandinavia as its source of origin 
(Zaffarano et al., 2009). By pinpointing where these populations lie, we can track the 
evolution of the organism and help answer why exactly some pathogens become obligate. In 
addition to this the sequencing of the wheat powdery mildew (B. graminis f. sp. tritici) is 
underway, with hopes that it will be completed by April 2011 (Shimizu and Keller, January 
2010). When this occurs an ideal opportunity will arise to compare the two genomes, identify 
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“co-owned” genes (and to compare expression) and also to try to figure out what exactly 
leads to their host specificity. It would be interesting to see how if this difference is 
manifested in differing surface receptors. 
 
To finish, at the time of writing evidence is building for potential future climate fluctuations, 
with concern being focused on anthropogenic climate change due to build-up of greenhouse 
gas emissions (Tuttolomondo et al., 2009; Legreve and Duveiller). With changes in climate, 
disease epidemics and their spread can become harder to predict. This change (with 
alterations in precipitation and temperatures) will affect crop yields, even though modern 
agriculture uses high levels of pesticides and fertilisers, as cereal production often uses high 
acreage and use in areas of often poor irrigation (Tuttolomondo et al., 2009). In past times of 
climatic turbulence or anthropogenic related instability (i.e. farming induced salinity), for 
example during the Mesopotamian era, with its greater robustness barley increased in 
cultivation whilst other crops were hard to farm (Murphy, 2007). With the withdrawal of 
certain fungicides and the potential for new virulence alleles that could overcome host 
resistance it is becoming ever more important that attempts are continued to understand one 
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Chapter 9: Appendixes 
9.1: Appendix A: Chapter 2 Material and Methods (General) 
9.1.1: Tap water agar (TWA) 
15 g agar (Agar Technical (Agar No. 3), Oxoid Ltd) in 1 Litre ddH2O 
  
9.1.2: Escherichia coli growth media and solutions 
pH was altered as required using 1 M KOH and 2 M NaOH. All media was autoclaved for 20 
minutes at 121 °C and allowed to cool to approximately 50 °C before any addition of 
selective antibiotics (Ampicillin: stock 100 mg/ml, selective levels: 500 µg/ml; Kanamycin: 
stock 100 mg/ml, selective levels: 500 µg/ml; chloramphenicol at 100 µg/ml were used as 
required by plasmids 
 
Lysogeny-Broth (LB) media 1 litre contains: 10 g Tryptone (Oxoid Ltd.), 5 g Yeast extract 
(Oxoid Ltd.) and 5 g NaCl (BDH) for agar plates add 15 g/litre agarose (Agar Technical, 
Number: 3, Oxoid Ltd.) Sterile water is used to bring volume to 1 litre. pH was adjusted to 
7.5.   
 
SOB media 0.5 % Yeast Extract. 2 % Tryptone (Oxoid Ltd), 10 mM NaCl, 2.5 mM KCl, 10 
mM MgCl2, 10 mM MgSO4 
 
SOC media Glucose (20 mM), KCl (2.5 mM), MgCl2 (10 mM), MgSO4 (10 mM), NaCl (10 
mM), Tryptone (20 g/L) (Oxoid Ltd.), Yeast Extract (5 g/L). Required pH = 7.0 (Sambrook 
et al., 1989) 
 
TB solution 10 mM Hepes (or Pipes), 15 mM CaCl2, 250 mM KCl.  Adjust pH to 6.7 with 
KOH. Then dissolve MnCl2 to have final concentration of 55 mM. Sterilize solution by 






GTC 4M Guanidine Thiocyanate (Fluka Biochemika); 25 mM Na citrate pH 7.0 (BDH 
AnalaR
®




GTC-phenol-ß-mercaptoethanol 1:1 volume GTC: unbuffered, equilibrated phenol (pH 
4.5); 7 µl/ml ß-Mercaptoehtanol (2-mercaptoethanol, Sigma) 
 
DEPC water 1 Litre DEPC ddH20 was produced by the addition of 1000 µl Diethyl 
Pyrocarbonate (Sigma-Aldrich
®
) to 1 Litre of ddH20. Solution was left for 16 hours 




9.2: Appendix B: Chapter 3 (Characterising Blumeria graminis f. sp. 
hordei Germination) 
9.2.1: Statistical analysis of Bgh germination on barley 
 
(1) Germination development on barley, glass, cellulose, wheat at 4, 8 and 
16 h.p.i.  
 
3-Factor Anova Analysis:- 
 
Error: Pot 
     Df  Sum Sq Mean Sq 
Time  1 0.31795 0.31795 
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  7 0.97209 0.13887                
 
Error: Within 
                          Df Sum Sq Mean Sq   F value    Pr(>F)     
Surftype                   3   32.3    10.8   32.3796 < 2.2e-16 *** 
Time                       7    0.7     0.1    0.3102  0.949655     
GermState                  7 8000.8  1143.0 3433.9061 < 2.2e-16 *** 
Surftype:Time             24   15.6     0.7    1.9581  0.003638 **  
Surftype:GermState        21  871.6    41.5  124.6966 < 2.2e-16 *** 
Time:GermState            56  194.2     3.5   10.4173 < 2.2e-16 *** 
Surftype:Time:GermState  168  236.1     1.4    4.2215 < 2.2e-16 *** 
Residuals               2009  668.7     0.3                         
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(2) Comparison of PGT vs SGT on barley at 4 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.78884 0.39442                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 14.637   0.697                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 26.461  26.461  36.298 3.823e-06 *** 
Residuals 23 16.767   0.729                       
--- 




(3) Comparison of SGT vs AGT on barley at 4 h.p.i. 
 
Error: Pot 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 2.1438  1.0719                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 31.828   1.516                
 
Error: Within 
          Df  Sum Sq Mean Sq F value  Pr(>F)    
GermState  1  5.7492  5.7492  8.5575 0.00761 ** 
Residuals 23 15.4522  0.6718                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(4) Comparison of SGT vs PGT on barley at 8 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.02821 0.02821                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.11069 0.11069                
 
Error: Within 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
GermState  1  4.3674  4.3674  8.3483 0.005971 ** 
Residuals 44 23.0184  0.5231                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
(5) Comparison of Pgt vs A on barley at 8 h.p.i. 
 
Error: Pot 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 2.4463  1.2232                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 15.8702  0.7557                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 131.078 131.078   99.46 8.044e-10 *** 
Residuals 23  30.311   1.318                       
--- 






(6) Comparison of SGT vs A on barley at 8 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.28002 0.14001                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 23.815   1.134                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 87.593  87.593   86.29 3.015e-09 *** 
Residuals 23 23.347   1.015                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
(7) Comparison of Agt development at 8 and 16 h.p.i. on barley. 
 
Error: Pot 
          Df Sum Sq Mean Sq F value  Pr(>F)   
Time       1 5.0813  5.0813  7.2347 0.05467 . 
Residuals  4 2.8094  0.7024                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 42 51.153   1.218                
 




          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.66974 0.83487                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 14.6906  0.6996                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 6.0899  6.0899  17.011 0.0004129 *** 
Residuals 23 8.2341  0.3580                       
--- 











          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 2.7795  1.3897                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21  34.87    1.66                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Surftype   1  0.0107  0.0107   0.012 0.9137 
Residuals 23 20.5663  0.8942                
 
 




          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.71279 0.35640                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 13.7112  0.6529                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 63.956  63.956  102.07 6.301e-10 *** 
Residuals 23 14.412   0.627                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
9.2.2: Statistical comparison of Bgh germination on barley, and glass at 4, 8 and 
16 hours after inoculation, and statistical analysis of Bgh 
germination on glass 
 
(1) Comparison of Ng on glass compared to barley at 4 h.p.i. 
 
Error: Pot 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  2 0.151796 0.075898                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 





          Df  Sum Sq Mean Sq F value  Pr(>F)   
Surftype   1  4.3216  4.3216  7.7545 0.01053 * 
Residuals 23 12.8180  0.5573                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(2) Comparison of PGT on glass compared to barley at 8 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.80448 0.90224                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 10.4842  0.4992                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 39.471  39.471  94.187 1.341e-09 *** 
Residuals 23  9.638   0.419                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(3) Comparison of PGT on glass compared to barley at 16 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.12436 0.06218                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 10.6794  0.5085                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Surftype   1  0.4873  0.4873  0.5818 0.4534 
Residuals 23 19.2660  0.8377          
 
(4) Comparison of PGT vs SGT on Glass at 16 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.81563 0.40782                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 9.3412  0.4448                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 15.7629 15.7629  53.528 1.917e-07 *** 
Residuals 23  6.7730  0.2945                       
--- 




(5) Comparison of Ng on glass at 8 h.p.i. and 16 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value  Pr(>F)   
Time       1 2.18759 2.18759   9.564 0.03648 * 
Residuals  4 0.91493 0.22873                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 42 3.6365  0.0866                
 
(6) Comparison of PGT on glass at 8 h.p.i. and 16 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
Time       1 15.3467 15.3467  24.536 0.007743 ** 
Residuals  4  2.5019  0.6255                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 42 20.2253  0.4816               
 
(7) Comparison of SGT on glass at 8 h.p.i. and 16 h.p.i. 
 
Error: Pot 
          Df Sum Sq Mean Sq F value  Pr(>F)   
Time       1 7.0994  7.0994  8.5099 0.04337 * 
Residuals  4 3.3370  0.8342                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 42 19.6893  0.4688           
 
9.2.3: Statistical comparison of Bgh germination on cellulose, glass and wheat at 
4, 8 and 16 hours after inoculation, and statistical analysis of Bgh 
germination on cellulose 
 
(1) Comparison of Ng on cellulose compared to glass at 4 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
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Residuals  2 0.52099 0.26049                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 4.9773  0.2370                
 
Error: Within 
          Df Sum Sq Mean Sq F value Pr(>F) 
Surftype   1 0.5236  0.5236  1.9081 0.1804 
Residuals 23 6.3116  0.2744   
 
(2) Comparison of Ng on cellulose compared to glass at 8 h.p.i. 
 
Error: Pot 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  2 0.024451 0.012226                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 4.8298  0.2300                
 
Error: Within 
          Df Sum Sq Mean Sq F value  Pr(>F)   
Surftype   1 0.8479  0.8479   3.841 0.06224 . 
Residuals 23 5.0770  0.2207                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(3) Comparison of Ng on cellulose compared to glass at 16 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.31012 0.15506                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 2.7364  0.1303                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 7.1892  7.1892  45.077 7.547e-07 *** 
Residuals 23 3.6682  0.1595                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
(4) Comparison of PGT on cellulose compared to glass at 4 h.p.i. 
 
Error: Pot 
          Df Sum Sq Mean Sq F value Pr(>F) 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 9.9437  0.4735                
 
Error: Within 
          Df Sum Sq Mean Sq F value Pr(>F) 
Surftype   1 0.0020  0.0020  0.0056 0.9409 
Residuals 23 8.3594  0.3635 
 
(5) Comparison of PGT on cellulose compared to glass at 8 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.59672 0.29836                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 16.6978  0.7951                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Surftype   1  0.6166  0.6166  1.1876 0.2871 
Residuals 23 11.9417  0.5192                
 
(6) Comparison of PGT on cellulose compared to glass at 16 h.p.i. 
  
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.33556 0.66778                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 10.5120  0.5006                
 
Error: Within 
          Df Sum Sq Mean Sq F value   Pr(>F)     
Surftype   1 28.822  28.822  45.106 7.51e-07 *** 
Residuals 23 14.696   0.639                      
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(7) Comparison of PGT on cellulose and wheat at  4 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.95237 0.47618                
 
Error: Pot:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 5.3834  0.2564                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 31.728  31.728  48.201 4.461e-07 *** 




Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(8) Comparison of PGT on cellulose and wheat at 8 h.p.i. 
 
Error: Pot 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.53196 0.76598                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 16.1152  0.7674                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 38.347  38.347  71.558 1.625e-08 *** 
Residuals 23 12.325   0.536                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(9) Comparison of PGT on cellulose and wheat at 16 h.p.i. 
 
Error: Pot 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  2 0.035456 0.017728                
 
Error: Pot:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 21 15.4695  0.7366                
 
Error: Within 
          Df Sum Sq Mean Sq F value  Pr(>F)     
Surftype   1 62.282  62.282  134.36 4.4e-11 *** 
Residuals 23 10.662   0.464                     
--- 




9.3: Appendix C: Chapter 4 (Germination on Modified Surfaces) 
9.3.1: Stimuli screen 
(1) Germination Development on Treated Glass Slides at 24 h.p.i. 
2-way Anova Analysis:- 
a. (Additives dissolved in di-ethyl ether) 
Error: Slide 
          Df  Sum Sq  Mean Sq F value Pr(>F) 
Residuals  7 0.39917 0.057025                
 
Error: Slide:Well 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 16 1.9084 0.11927                
 
Error: Within 
                    Df  Sum Sq Mean Sq  F value    Pr(>F)     
Surftype             3   39.51   13.17   64.914 < 2.2e-16 *** 
GermState            6 2110.47  351.75 1733.842 < 2.2e-16 *** 
Surftype:GermState  18  243.78   13.54   66.759 < 2.2e-16 *** 
Residuals          621  125.98    0.20                        
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
b. (Additives dissolved in dichloromethane) 
Error: Well 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  2 0.081865 0.040932                
 
Error: Well:Slide 
          Df Sum Sq  Mean Sq F value Pr(>F) 
Residuals 21 1.7027 0.081083                
 
Error: Within 
                    Df  Sum Sq Mean Sq  F value    Pr(>F)     
Surftype             3   27.12    9.04   60.587 < 2.2e-16 *** 
GermState            6 2508.18  418.03 2801.987 < 2.2e-16 *** 
Surftype:GermState  18  172.26    9.57   64.145 < 2.2e-16 *** 
Residuals          621   92.65    0.15                        
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(2) Comparison of non-germinated spores on slides treated with di-ethyl 
ether and dodecanol 
 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 





          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.024505 0.024505                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 25.4873 25.4873  188.14 < 2.2e-16 *** 
Residuals 44  5.9606  0.1355                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(3) Comparison of non-germinated spores on slides treated with 
dichloromethane and hexacosanoic acid 
Error: Well 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.013293 0.013293                
 
Error: Well:Slide 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.029217 0.029217                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 17.6388 17.6388  144.73 1.659e-15 *** 
Residuals 44  5.3624  0.1219                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
 
(4) Comparison of primary germ tubes on slides treated with 1-
hexacosanol and hexacosanoic acid 
Error: Well 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.044808 0.044808                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.14324 0.14324                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 15.6267 15.6267  76.772 3.339e-11 *** 
Residuals 44  8.9561  0.2035                       
--- 




(5) Comparison of primary germ tubes on slides treated with barley 
cuticular extract and di-ethyl ether 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 





          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.49483 0.49483                
 
Error: Within 
          Df Sum Sq Mean Sq F value  Pr(>F)   
Surftype   1 0.6864 0.68644  3.1135 0.08459 . 
Residuals 44 9.7007 0.22047                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(6) Comparison of secondary germ tubes on slides treated with barley 
cuticular extract and di-ethyl ether 
 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.10278 0.10278                
 
Error: Well:Slide 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.029466 0.029466                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Surftype   1  0.2596 0.25958  0.9633 0.3317 
Residuals 44 11.8569 0.26948                
> 
 
(7) Comparison of Egst/App formation on slides treated with di-ethyl 
ether and barley cuticular extract 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.26466 0.26466                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.53529 0.53529                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 12.787 12.7871  28.698 2.942e-06 *** 
Residuals 44 19.606  0.4456                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(8) Comparison of App formation on slides treated with di-ethyl ether and 
barley cuticular extract 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 
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Residuals  1 0.60892 0.60892                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.23492 0.23492                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1  3.7488  3.7488  14.148 0.0004957 *** 
Residuals 44 11.6586  0.2650                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(9) Comparison of Egst/App formation on slides treated with di-ethyl 
ether and 16-hydroxyhexadecanoic acid 
Error: Well 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.20241 0.20241                
 
Error: Well:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.6393  1.6393                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 17.314 17.3137  36.991 2.557e-07 *** 
Residuals 44 20.594  0.4681                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 







          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.63227 0.63227                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.15629 0.15629                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 27.985 27.9846  57.871 1.488e-09 *** 
Residuals 44 21.277  0.4836                       
--- 






(11) Comparison of Egst/App formation on slides treated with 1-
hexacosanal and dichloromethane 
Error: Well 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.011318 0.011318                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.44737 0.44737                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 12.351 12.3505  21.466 3.205e-05 *** 
Residuals 44 25.315  0.5753                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(12) Comparison of Egst/App formation on slides treated with 1-






          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.035151 0.035151                
 
Error: Well:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.39969 0.39969                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Surftype   1 23.0611 23.0611  120.18 3.638e-14 *** 
Residuals 44  8.4429  0.1919                       
--- 





9.3.2: Overall comparison of germination development upon non-chromic acid 




          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  3 5.3428  1.7809                
 
Error: Rep:Slide 
          Df Sum Sq Mean Sq F value Pr(>F) 





                    Df Sum Sq Mean Sq   F value  Pr(>F)     
Surftype             2    3.1     1.6    4.1515 0.01604 *   
GermState            7 6297.5   899.6 2379.1230 < 2e-16 *** 
Surftype:GermState  14   46.0     3.3    8.6906 < 2e-16 *** 
Residuals          897  339.2     0.4                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
(1) Comparison of SGT between ether and glass 
 
Error: Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  3 0.96566 0.32189                
 
Error: Rep:Slide 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 36 14.8509  0.4125                
 
Error: Within 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
Surftype   1  5.3227  5.3227  12.351 0.001133 ** 
Residuals 39 16.8068  0.4309                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
9.3.3: Overall comparison of germination development upon chromic acid 
cleaned glass and treatments 
 
Error: Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  8 13.152   1.644                
 
Error: Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 8.1713  0.4540                
 
Error: Within 
                  Df Sum Sq Mean Sq  F value  Pr(>F)     
Status             2    3.7     1.8   2.9735 0.05188 .   
GermState          7 3659.2   522.7 851.3426 < 2e-16 *** 
Status:GermState  14   82.2     5.9   9.5599 < 2e-16 *** 
Residuals        598  367.2     0.6                      
--- 




(1) Comparison of PGT between 16-hydroxyhexadecanoic acid treated 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  8 9.7940  1.2242                
 
Error: Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 7.3782  0.4099                
 
Error: Within 
          Df Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.694   0.694  0.5441 0.4674 
Residuals 26 33.147   1.275          
 
 
(2) Comparison of appressorium formation on clean glass and 16-
hydroxyhexadecanoic acid treated glass 
 
Error: Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  8 6.7028  0.8379                
 
Error: Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 9.1639  0.5091                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Status     1 43.339  43.339  46.113 3.308e-07 *** 
Residuals 26 24.436   0.940                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(3) Comparison of appressorium on 16-hydroxyhexadecanoic acid treated 
glass and ether treated glass 
 
Error: Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  8 11.2028  1.4004                
 
Error: Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 15.9337  0.8852                
 
Error: Within 
          Df Sum Sq Mean Sq F value   Pr(>F)     
Status     1 44.979  44.979  54.885 7.24e-08 *** 
Residuals 26 21.308   0.820                      
--- 






9.3.4: Overall Comparison of non-Germination development on host, non-host 




          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 0.54950 0.27475                
 
Error: Batch:Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 1.09527 0.18255                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 1.84353 0.10242                
 
Error: Within 
                   Df Sum Sq Mean Sq  F value    Pr(>F)     
Status              8   29.7     3.7   15.861 < 2.2e-16 *** 
GermState           7 4171.8   596.0 2550.116 < 2.2e-16 *** 
Status:GermState   56  379.9     6.8   29.025 < 2.2e-16 *** 
Residuals        1846  431.4     0.2                        
--- 




(1) Comparison of germination on barley and aldehyde treated glass 
 




          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.096129 0.096129                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 9.4522  9.4522                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.57975 0.57975                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.0271  0.0271  0.0622  0.804 
Residuals 49 21.3517  0.4357                
 
 








          Df    Sum Sq   Mean Sq F value Pr(>F) 
Residuals  1 0.0028239 0.0028239                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 3.8891  3.8891                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.8357  0.8357                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  1.6462  1.6462  2.6798 0.1080 
Residuals 49 30.1005  0.6143      
 
 






          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.030273 0.030273                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 4.6414  4.6414                
 
Error: Batch:Tray:Rep 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.032993 0.032993                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Status     1  8.1913  8.1913  24.999 7.738e-06 *** 
Residuals 49 16.0553  0.3277                       
--- 










          Df Sum Sq Mean Sq F value Pr(>F) 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 5.9586  5.9586                
 
Error: Batch:Tray:Rep 
          Df    Sum Sq   Mean Sq F value Pr(>F) 
Residuals  1 0.0080465 0.0080465                
 
Error: Within 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
Status     1  2.8287  2.8287   7.969 0.006859 ** 
Residuals 49 17.3931  0.3550                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
           
(5) Comparison of PGT formation at 4 h.p.i. between hexacosanal treated 
slides and chromic acid cleaned slides 
 
Error: Batch 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.015654 0.015654                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 5.4528  5.4528                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.31171 0.31171                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Status     1 19.2327 19.2327   33.18 5.468e-07 *** 
Residuals 49 28.4029  0.5797                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
> 
(6) Comparison of PGT formation at 4 h.p.i. between the Cuticle Extract 






          Df     Sum Sq    Mean Sq F value Pr(>F) 
Residuals  1 0.00028741 0.00028741                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 2.2882  2.2882                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 





          Df  Sum Sq Mean Sq F value   Pr(>F)    
Status     1  6.5994  6.5994  10.491 0.002157 ** 
Residuals 49 30.8245  0.6291                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(7) Comparison of PGT formation at 4 h.p.i. between 16-




          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.7675  0.7675                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1  2.474   2.474                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.48436 0.48436                
 
Error: Within 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
Status     1  5.6368  5.6368  11.630 0.001308 ** 
Residuals 49 23.7484  0.4847                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(8) Comparison of PGT formation at 4 h.p.i. on hydrophilic gelbond 





          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.32877 0.32877                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.4347  1.4347                
 
Error: Batch:Tray:Rep 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.024275 0.024275                
 
Error: Within 
          Df  Sum Sq Mean Sq F value  Pr(>F)   
Status     1  2.0902  2.0902  5.4608 0.02358 * 
Residuals 49 18.7550  0.3828                   
--- 










          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.52281 0.52281                
 
Error: Batch:Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.94129 0.94129                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 3.0249  3.0249                
 
Error: Within 
          Df Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.379   0.379  0.5308 0.4697 
Residuals 49 35.022   0.715    
 






          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.2470  1.2470                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 2.3773  2.3773                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.8591  1.8591                
 
Error: Within 
          Df  Sum Sq Mean Sq F value  Pr(>F)   
Status     1  1.6876  1.6876  3.8852 0.05437 . 
Residuals 49 21.2835  0.4344                   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 










          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.52915 0.52915                
 
Error: Batch:Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.97005 0.97005                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.98217 0.98217                
 
Error: Within 
          Df  Sum Sq Mean Sq F value  Pr(>F)   
Status     1  2.6374  2.6374  6.3317 0.01518 * 
Residuals 49 20.4106  0.4165                   
--- 
Signif. codes:  0 „***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „.‟ 0.1 „ ‟ 1  
> 






          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.2567  1.2567                
 
Error: Batch:Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.17078 0.17078                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.8681  1.8681                
 
Error: Within 
          Df Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.085   0.085  0.1283 0.7218 
Residuals 49 32.340   0.660                
 
(13) Comparison of SGT formation at 4 h.p.i. on 16-hydroxyhexadecanol-






          Df  Sum Sq Mean Sq F value Pr(>F) 





          Df     Sum Sq    Mean Sq F value Pr(>F) 
Residuals  1 6.8801e-08 6.8801e-08                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.26511 0.26511                
 
Error: Within 
          Df    Sum Sq   Mean Sq   F value Pr(>F) 
Status     1 1.186e-05 1.186e-05 2.897e-05 0.9957 
Residuals 49   20.0647    0.4095                  
 
 






          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.016154 0.016154                
 
Error: Batch:Tray 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.035513 0.035513                
 
Error: Batch:Tray:Rep 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.074219 0.074219                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Status     1 20.1496 20.1496  99.665 2.128e-13 *** 
Residuals 49  9.9065  0.2022          
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
9.3.5: Overall comparison of germination at 16 h.p.i on surfaces 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2  3.711  1.8555                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 2.8049 0.46749                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 3.2592 0.18107                
 
Error: Within 
                   Df  Sum Sq Mean Sq  F value    Pr(>F)     
Status              6    8.60    1.43   3.7713 0.0009899 *** 
GermState           7 2464.40  352.06 926.0094 < 2.2e-16 *** 
 355 
 
Status:GermState   42  237.70    5.66  14.8860 < 2.2e-16 *** 
Residuals        1430  543.67    0.38                        
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 3.9391  1.9695                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 5.9259 0.98766                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  9 5.7483  0.6387                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 15.002 15.0023  52.298 1.924e-08 *** 
Residuals 35 10.040  0.2869                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
(2) Comparison of primary to secondary germ tubes at 16 h.p.i. on 
monomer treated slides 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.4055 0.70273                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 3.9989 0.66649                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 8.0512 0.44729                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 16.801 16.8011  33.215 4.544e-06 *** 
Residuals 26 13.152  0.5058                       
--- 









          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 3.4836  1.7418                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 6.2467  1.0411                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 5.1112 0.28395                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
GermState  1 6.0663  6.0663  17.953 0.0002514 *** 
Residuals 26 8.7856  0.3379                       
--- 





(4) Comparison of App formation at 16 h.p.i. between 1-hexacosanal 
treated slides and chromic acid cleaned slides 
 
Error: Batch 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.088991 0.088991                
 
Error: Batch:Tray 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.050502 0.050502                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.11709 0.11709                
 
Error: Within 
          Df Sum Sq Mean Sq F value    Pr(>F)     
Status     1 30.702 30.7015  34.676 3.473e-07 *** 
Residuals 49 43.384  0.8854                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(5) Comparison of App formation at 16 h.p.i. between cuticle extract and 
chromic acid treated slides 
 
Error: Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 





          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.35857 0.35857                
 
Error: Within 
          Df  Sum Sq Mean Sq F value    Pr(>F)     
Status     1  7.9664  7.9664  16.167 0.0001957 *** 
Residuals 50 24.6380  0.4928                       
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
(6) Comparison of secondary to appressorial germ tubes at 16 h.p.i. on 
cuticle extract treated slides 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 8.5899  4.2949                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 2.7878 0.46464                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 9.4915 0.52731                
 
Error: Within 
          Df Sum Sq  Mean Sq F value Pr(>F) 
GermState  1 0.0202 0.020237  0.0731  0.789 
Residuals 26 7.1945 0.276713                
 
(7) Comparison of App formation at 16 h.p.i. between hydrophobic 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 3.1843  3.1843                
 
Error: Batch:Tray 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.97642 0.97642                
 
Error: Batch:Tray:Rep 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.18647 0.18647                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.1228 0.12280  0.2186 0.6422 




(8) Comparison of secondary to appressorial germ tubes at 16 h.p.i. on 
monomer treated slides 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 1.9635 0.98176                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 6.3115  1.0519                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 10.631 0.59061                
 
Error: Within 
          Df  Sum Sq Mean Sq F value   Pr(>F)    
GermState  1  5.4196  5.4196  10.189 0.003674 ** 
Residuals 26 13.8290  0.5319                     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 





          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.7241  1.7241                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 2.9972  2.9972                
 
Error: Batch:Tray:Rep 
          Df   Sum Sq  Mean Sq F value Pr(>F) 
Residuals  1 0.056272 0.056272                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.1418 0.14182  0.2753 0.6022 
Residuals 49 25.2422 0.51515                
> 
 
(10) Comparison of App formation at 16 h.p.i. between hydrophobic 





       Df   Sum Sq  Mean Sq F value Pr(>F) 





 Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 1.2373  1.2373                
 
Error: Batch:Tray:Rep 
 Df  Sum Sq Mean Sq F value Pr(>F) 
Residuals  1 0.54726 0.54726                
 
Error: Within 
 Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.5285 0.52854  1.0585 0.3086 




(11) Comparison of multiple germ tubes  at 16 h.p.i. on hydrophilic Gelbond 
and appressorium induced by 1-hexacosanal 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 14.301  7.1505                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 10.643  1.7738                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 6.6934 0.37185                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  0.3514 0.35141  0.4045 0.5303 
Residuals 26 22.5876 0.86876    
             
(12) Comparison of extra-long germ tubes at 16 h.p.i. on extract-treated 
slides and cleaned slides 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 4.2293  2.1147                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6 10.693  1.7821                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18 3.5473 0.19707                
 
Error: Within 
          Df Sum Sq Mean Sq F value  Pr(>F)   
Status     1  6.512  6.5116  5.2882 0.02975 * 




Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> 
 
(13) Comparison of branched germ tubes at 16 h.p.i. on hydrophobic 
Gelbond and hydrophilic gelbond 
 
Error: Batch 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  2 2.0777  1.0389                
 
Error: Batch:Tray 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals  6  4.605  0.7675                
 
Error: Batch:Tray:Rep 
          Df Sum Sq Mean Sq F value Pr(>F) 
Residuals 18  7.421 0.41228                
 
Error: Within 
          Df  Sum Sq Mean Sq F value Pr(>F) 
Status     1  1.3542 1.35416  2.1198 0.1574 






































Test of Homogeneity of Variances 
Droplet Diameter 
Levene Statistic df1 df2 Sig. 




 Sum of Squares Df Mean Square F Sig. 
Between Groups 226.432 7 32.347 468.497 .000 
Within Groups 2.209 32 .069   
Total 228.641 39    
 





Surface Compared to: 
Mean 
Difference (I-







Treated Glass Non-Treated Glass -3.05588
*
 .16619 .000 -3.5942 -2.5176 
Ether-Treated Glass -.00322 .16619 1.000 -.5415 .5351 
Treated Glass .46266 .16619 .135 -.0757 1.0010 
Barley (Adaxial) 3.92499
*
 .16619 .000 3.3867 4.4633 
Barley (Abaxial) 3.98985
*
 .16619 .000 3.4515 4.5282 
Hydrophilic G.b. -2.01274
*
 .16619 .000 -2.5511 -1.4744 
Hydrophobic G.b. 1.95327
*
 .16619 .000 1.4149 2.4916 
Non-Treated Glass Treated Glass 3.05588
*
 .16619 .000 2.5176 3.5942 
Ether-Treated Glass 3.05267
*
 .16619 .000 2.5143 3.5910 
Treated Glass 3.51854
*
 .16619 .000 2.9802 4.0569 
Barley (Adaxial) 6.98087
*
 .16619 .000 6.4425 7.5192 
Barley (Abaxial) 7.04573
*
 .16619 .000 6.5074 7.5841 
Hydrophilic G.b. 1.04314
*
 .16619 .000 .5048 1.5815 
Hydrophobic G.b. 5.00915
*
 .16619 .000 4.4708 5.5475 
Ether-Treated Glass Treated Glass .00322 .16619 1.000 -.5351 .5415 
Non-Treated Glass -3.05267
*
 .16619 .000 -3.5910 -2.5143 
Treated Glass .46588 .16619 .130 -.0724 1.0042 
Barley (Adaxial) 3.92821
*
 .16619 .000 3.3899 4.4665 
Barley (Abaxial) 3.99307
*
 .16619 .000 3.4547 4.5314 
Hydrophilic G.b. -2.00952
*
 .16619 .000 -2.5479 -1.4712 
Hydrophobic G.b. 1.95649
*
 .16619 .000 1.4182 2.4948 





 .16619 .000 -4.0569 -2.9802 
Ether-Treated Glass -.46588 .16619 .130 -1.0042 .0724 
Barley (Adaxial) 3.46233
*
 .16619 .000 2.9240 4.0007 
Barley (Abaxial) 3.52719
*
 .16619 .000 2.9889 4.0655 
Hydrophilic G.b. -2.47540
*
 .16619 .000 -3.0137 -1.9371 
Hydrophobic G.b. 1.49061
*
 .16619 .000 .9523 2.0289 
Barley (Adaxial) Treated Glass -3.92499
*
 .16619 .000 -4.4633 -3.3867 
Non-Treated Glass -6.98087
*
 .16619 .000 -7.5192 -6.4425 
Ether-Treated Glass -3.92821
*
 .16619 .000 -4.4665 -3.3899 
Treated Glass -3.46233
*
 .16619 .000 -4.0007 -2.9240 
Barley (Abaxial) .06486 .16619 1.000 -.4735 .6032 
Hydrophilic G.b. -5.93773
*
 .16619 .000 -6.4761 -5.3994 
Hydrophobic G.b. -1.97172
*
 .16619 .000 -2.5100 -1.4334 
Barley (Abaxial) Treated Glass -3.98985
*
 .16619 .000 -4.5282 -3.4515 
Non-Treated Glass -7.04573
*
 .16619 .000 -7.5841 -6.5074 
Ether-Treated Glass -3.99307
*
 .16619 .000 -4.5314 -3.4547 
Treated Glass -3.52719
*
 .16619 .000 -4.0655 -2.9889 
Barley (Adaxial) -.06486 .16619 1.000 -.6032 .4735 
Hydrophilic G.b. -6.00259
*
 .16619 .000 -6.5409 -5.4643 
Hydrophobic G.b. -2.03658
*
 .16619 .000 -2.5749 -1.4983 
Hydrophilic G.b. Treated Glass 2.01274
*
 .16619 .000 1.4744 2.5511 
Non-Treated Glass -1.04314
*
 .16619 .000 -1.5815 -.5048 
Ether-Treated Glass 2.00952
*
 .16619 .000 1.4712 2.5479 
Treated Glass 2.47540
*
 .16619 .000 1.9371 3.0137 
Barley (Adaxial) 5.93773
*
 .16619 .000 5.3994 6.4761 
Barley (Abaxial) 6.00259
*
 .16619 .000 5.4643 6.5409 
Hydrophobic G.b. 3.96601
*
 .16619 .000 3.4277 4.5043 
Hydrophobic G.b. Treated Glass -1.95327
*
 .16619 .000 -2.4916 -1.4149 
Non-Treated Glass -5.00915
*
 .16619 .000 -5.5475 -4.4708 
Ether-Treated Glass -1.95649
*
 .16619 .000 -2.4948 -1.4182 
Treated Glass -1.49061
*
 .16619 .000 -2.0289 -.9523 
Barley (Adaxial) 1.97172
*
 .16619 .000 1.4334 2.5100 
Barley (Abaxial) 2.03658
*
 .16619 .000 1.4983 2.5749 
Hydrophilic G.b. -3.96601
*
 .16619 .000 -4.5043 -3.4277 




















9.5: Comparison of contact angle as an indicator of hydrophobicity 
 
Test of Homogeneity of Variances 
Contact Angle 
Levene Statistic df1 df2 Sig. 





 Sum of Squares Df Mean Square F Sig. 
Between Groups 151859.137 10 15185.914 665.132 .000 
Within Groups 1004.583 44 22.831   
Total 152863.719 54    
 
 
Robust Tests of Equality of Means 
Contact Angle 
 Statistica df1 df2 Sig. 
Welch 2153.656 10 16.917 .000 
a. Asymptotically F distributed. 
 
 




Surface Compared to: 
Mean 
Difference (I-







Monomer Extract -3.46200 3.93746 .995 -21.0441 14.1201 
Aldehyde .92400 2.99555 1.000 -11.9100 13.7580 
Treated Glass 2.95200 3.71799 .998 -13.4082 19.3122 
Non-Treated Glass 14.09200
*
 2.28891 .025 2.2974 25.8866 
Hydrophobic G.b. -58.37800
*
 2.19228 .000 -70.6472 -46.1088 
Hydrophilic G.b. 4.71200 2.21579 .611 -7.4121 16.8361 
Barley (Adaxial) -108.95800
*
 2.97645 .000 -121.7165 -96.1995 
Barley (Abaxial) -110.68600
*
 2.68892 .000 -122.5166 -98.8554 
Wheat (Adaxial) -106.24600
*
 3.30595 .000 -120.4657 -92.0263 
Wheat (Abaxial) -107.91800
*
 3.55898 .000 -123.4234 -92.4126 
Extract Monomer 3.46200 3.93746 .995 -14.1201 21.0441 
Aldehyde 4.38600 3.87111 .973 -13.0930 21.8650 
Treated Glass 6.41400 4.45372 .905 -12.6880 25.5160 
Non-Treated Glass 17.55400 3.35429 .056 -.6001 35.7081 
Hydrophobic G.b. -54.91600
*
 3.28911 .001 -73.4676 -36.3644 
 364 
 
Hydrophilic G.b. 8.17400 3.30482 .477 -10.2716 26.6196 
Barley (Adaxial) -105.49600
*
 3.85635 .000 -122.9560 -88.0360 
Barley (Abaxial) -107.22400
*
 3.63902 .000 -124.6085 -89.8395 
Wheat (Adaxial) -102.78400
*
 4.11600 .000 -120.7670 -84.8010 
Wheat (Abaxial) -104.45600
*
 4.32186 .000 -123.0756 -85.8364 
Aldehyde Monomer -.92400 2.99555 1.000 -13.7580 11.9100 
Extract -4.38600 3.87111 .973 -21.8650 13.0930 
Treated Glass 2.02800 3.64765 1.000 -14.1800 18.2360 
Non-Treated Glass 13.16800
*
 2.17279 .025 2.0760 24.2600 
Hydrophobic G.b. -59.30200
*
 2.07074 .000 -70.8716 -47.7324 
Hydrophilic G.b. 3.78800 2.09562 .747 -7.6310 15.2070 
Barley (Adaxial) -109.88200
*
 2.88811 .000 -122.2447 -97.5193 
Barley (Abaxial) -111.61000
*
 2.59079 .000 -122.9119 -100.308 
Wheat (Adaxial) -107.17000
*
 3.22665 .000 -121.1190 -93.2210 
Wheat (Abaxial) -108.84200
*
 3.48543 .000 -124.1539 -93.5301 
Treated Glass Monomer -2.95200 3.71799 .998 -19.3122 13.4082 
Extract -6.41400 4.45372 .905 -25.5160 12.6880 
Aldehyde -2.02800 3.64765 1.000 -18.2360 14.1800 
Non-Treated Glass 11.14000 3.09373 .188 -5.4723 27.7523 
Hydrophobic G.b. -61.33000
*
 3.02294 .000 -78.3607 -44.2993 
Hydrophilic G.b. 1.76000 3.04003 1.000 -15.1569 18.6769 
Barley (Adaxial) -111.91000
*
 3.63199 .000 -128.0881 -95.7319 
Barley (Abaxial) -113.63800
*
 3.40034 .000 -129.5870 -97.6890 
Wheat (Adaxial) -109.19800
*
 3.90658 .000 -126.0896 -92.3064 
Wheat (Abaxial) -110.87000
*
 4.12291 .000 -128.5405 -93.1995 
Non-Treated Glass Monomer -14.09200
*
 2.28891 .025 -25.8866 -2.2974 
Extract -17.55400 3.35429 .056 -35.7081 .6001 
Aldehyde -13.16800
*
 2.17279 .025 -24.2600 -2.0760 
Treated Glass -11.14000 3.09373 .188 -27.7523 5.4723 
Hydrophobic G.b. -72.47000
*
 .74416 .000 -76.2537 -68.6863 
Hydrophilic G.b. -9.38000
*
 .81080 .000 -13.1045 -5.6555 
Barley (Adaxial) -123.05000
*
 2.14639 .000 -133.9820 -112.118 
Barley (Abaxial) -124.77800
*
 1.72568 .000 -133.1549 -116.401 
Wheat (Adaxial) -120.33800
*
 2.58399 .000 -133.9096 -106.766 
Wheat (Abaxial) -122.01000
*
 2.90070 .000 -137.4749 -106.545 
Hydrophobic G.b. Monomer 58.37800
*
 2.19228 .000 46.1088 70.6472 
Extract 54.91600
*
 3.28911 .001 36.3644 73.4676 
Aldehyde 59.30200
*
 2.07074 .000 47.7324 70.8716 
Treated Glass 61.33000
*
 3.02294 .000 44.2993 78.3607 
Non-Treated Glass 72.47000
*
 .74416 .000 68.6863 76.2537 
Hydrophilic G.b. 63.09000
*
 .47368 .000 60.9371 65.2429 
Barley (Adaxial) -50.58000
*
 2.04302 .000 -61.9899 -39.1701 
Barley (Abaxial) -52.30800
*
 1.59529 .000 -61.1278 -43.4882 
Wheat (Adaxial) -47.86800
*
 2.49880 .000 -61.8977 -33.8383 
Wheat (Abaxial) -49.54000
*
 2.82507 .001 -65.4389 -33.6411 
Hydrophilic G.b. Monomer -4.71200 2.21579 .611 -16.8361 7.4121 
Extract -8.17400 3.30482 .477 -26.6196 10.2716 
Aldehyde -3.78800 2.09562 .747 -15.2070 7.6310 
Treated Glass -1.76000 3.04003 1.000 -18.6769 15.1569 
Non-Treated Glass 9.38000
*
 .81080 .000 5.6555 13.1045 
Hydrophobic G.b. -63.09000
*
 .47368 .000 -65.2429 -60.9371 
Barley (Adaxial) -113.67000
*
 2.06823 .000 -124.9281 -102.411 
Barley (Abaxial) -115.39800
*
 1.62744 .000 -124.0463 -106.749 
Wheat (Adaxial) -110.95800
*
 2.51945 .000 -124.8554 -97.0606 
Wheat (Abaxial) -112.63000
*
 2.84335 .000 -128.4086 -96.8514 
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Barley (Adaxial) Monomer 108.95800
*
 2.97645 .000 96.1995 121.716 
Extract 105.49600
*
 3.85635 .000 88.0360 122.956 
Aldehyde 109.88200
*
 2.88811 .000 97.5193 122.244 
Treated Glass 111.91000
*
 3.63199 .000 95.7319 128.088 
Non-Treated Glass 123.05000
*
 2.14639 .000 112.1180 133.982 
Hydrophobic G.b. 50.58000
*
 2.04302 .000 39.1701 61.9899 
Hydrophilic G.b. 113.67000
*
 2.06823 .000 102.4119 124.928 
Barley (Abaxial) -1.72800 2.56869 .999 -12.9131 9.4571 
Wheat (Adaxial) 2.71200 3.20893 .997 -11.1804 16.6044 
Wheat (Abaxial) 1.04000 3.46904 1.000 -14.2327 16.3127 
Barley (Abaxial) Monomer 110.68600
*
 2.68892 .000 98.8554 122.516 
Extract 107.22400
*
 3.63902 .000 89.8395 124.608 
Aldehyde 111.61000
*
 2.59079 .000 100.3081 122.911 
Treated Glass 113.63800
*
 3.40034 .000 97.6890 129.587 
Non-Treated Glass 124.77800
*
 1.72568 .000 116.4011 133.154 
Hydrophobic G.b. 52.30800
*
 1.59529 .000 43.4882 61.1278 
Hydrophilic G.b. 115.39800
*
 1.62744 .000 106.7497 124.046 
Barley (Adaxial) 1.72800 2.56869 .999 -9.4571 12.9131 
Wheat (Adaxial) 4.44000 2.94418 .878 -8.8246 17.7046 
Wheat (Abaxial) 2.76800 3.22571 .995 -12.1412 17.6772 
Wheat (Adaxial) Monomer 106.24600
*
 3.30595 .000 92.0263 120.465 
Extract 102.78400
*
 4.11600 .000 84.8010 120.767 
Aldehyde 107.17000
*
 3.22665 .000 93.2210 121.119 
Treated Glass 109.19800
*
 3.90658 .000 92.3064 126.089 
Non-Treated Glass 120.33800
*
 2.58399 .000 106.7664 133.909 
Hydrophobic G.b. 47.86800
*
 2.49880 .000 33.8383 61.8977 
Hydrophilic G.b. 110.95800
*
 2.51945 .000 97.0606 124.855 
Barley (Adaxial) -2.71200 3.20893 .997 -16.6044 11.1804 
Barley (Abaxial) -4.44000 2.94418 .878 -17.7046 8.8246 
Wheat (Abaxial) -1.67200 3.75556 1.000 -17.8158 14.4718 
Wheat (Abaxial) Monomer 107.91800
*
 3.55898 .000 92.4126 123.423 
Extract 104.45600
*
 4.32186 .000 85.8364 123.075 
Aldehyde 108.84200
*
 3.48543 .000 93.5301 124.153 
Treated Glass 110.87000
*
 4.12291 .000 93.1995 128.540 
Non-Treated Glass 122.01000
*
 2.90070 .000 106.5451 137.474 
Hydrophobic G.b. 49.54000
*
 2.82507 .001 33.6411 65.4389 
Hydrophilic G.b. 112.63000
*
 2.84335 .000 96.8514 128.408 
Barley (Adaxial) -1.04000 3.46904 1.000 -16.3127 14.2327 
Barley (Abaxial) -2.76800 3.22571 .995 -17.6772 12.1412 
Wheat (Adaxial) 1.67200 3.75556 1.000 -14.4718 17.8158 









9.6: Comparison of gene expression on treated surfaces 
9.6.1: EST C00148 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 6.707 8 .838 .971 .488 
Within Groups 15.549 18 .864   
Total 22.256 26    
 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat .59767 .75886 .996 -2.0613 3.2566 
Non-Treated glass 1.09167 .75886 .868 -1.5673 3.7506 
Treated glass 1.21500 .75886 .793 -1.4440 3.8740 
Hydrophobic G.b. 1.40900 .75886 .648 -1.2500 4.0680 
Hydrophilic G.b. 1.29900 .75886 .733 -1.3600 3.9580 
Aldehyde .42800 .75886 1.000 -2.2310 3.0870 
Extract .61700 .75886 .995 -2.0420 3.2760 
Monomer .07167 .75886 1.000 -2.5873 2.7306 
Wheat Barley -.59767 .75886 .996 -3.2566 2.0613 
Non-Treated glass .49400 .75886 .999 -2.1650 3.1530 
Treated glass .61733 .75886 .995 -2.0416 3.2763 
Hydrophobic G.b. .81133 .75886 .972 -1.8476 3.4703 
Hydrophilic G.b. .70133 .75886 .988 -1.9576 3.3603 
Aldehyde -.16967 .75886 1.000 -2.8286 2.4893 
Extract .01933 .75886 1.000 -2.6396 2.6783 
Monomer -.52600 .75886 .998 -3.1850 2.1330 
Non-Treated glass Barley -1.09167 .75886 .868 -3.7506 1.5673 
Wheat -.49400 .75886 .999 -3.1530 2.1650 
Treated glass .12333 .75886 1.000 -2.5356 2.7823 
Hydrophobic G.b. .31733 .75886 1.000 -2.3416 2.9763 
Hydrophilic G.b. .20733 .75886 1.000 -2.4516 2.8663 
Aldehyde -.66367 .75886 .992 -3.3226 1.9953 
Extract -.47467 .75886 .999 -3.1336 2.1843 
Monomer -1.02000 .75886 .904 -3.6790 1.6390 
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Treated glass Barley -1.21500 .75886 .793 -3.8740 1.4440 
Wheat -.61733 .75886 .995 -3.2763 2.0416 
Non-Treated glass -.12333 .75886 1.000 -2.7823 2.5356 
Hydrophobic G.b. .19400 .75886 1.000 -2.4650 2.8530 
Hydrophilic G.b. .08400 .75886 1.000 -2.5750 2.7430 
Aldehyde -.78700 .75886 .976 -3.4460 1.8720 
Extract -.59800 .75886 .996 -3.2570 2.0610 
Monomer -1.14333 .75886 .839 -3.8023 1.5156 
Hydrophobic G.b. Barley -1.40900 .75886 .648 -4.0680 1.2500 
Wheat -.81133 .75886 .972 -3.4703 1.8476 
Non-Treated glass -.31733 .75886 1.000 -2.9763 2.3416 
Treated glass -.19400 .75886 1.000 -2.8530 2.4650 
Hydrophilic G.b. -.11000 .75886 1.000 -2.7690 2.5490 
Aldehyde -.98100 .75886 .921 -3.6400 1.6780 
Extract -.79200 .75886 .975 -3.4510 1.8670 
Monomer -1.33733 .75886 .704 -3.9963 1.3216 
Hydrophilic G.b. Barley -1.29900 .75886 .733 -3.9580 1.3600 
Wheat -.70133 .75886 .988 -3.3603 1.9576 
Non-Treated glass -.20733 .75886 1.000 -2.8663 2.4516 
Treated glass -.08400 .75886 1.000 -2.7430 2.5750 
Hydrophobic G.b. .11000 .75886 1.000 -2.5490 2.7690 
Aldehyde -.87100 .75886 .958 -3.5300 1.7880 
Extract -.68200 .75886 .990 -3.3410 1.9770 
Monomer -1.22733 .75886 .784 -3.8863 1.4316 
Aldehyde Barley -.42800 .75886 1.000 -3.0870 2.2310 
Wheat .16967 .75886 1.000 -2.4893 2.8286 
Non-Treated glass .66367 .75886 .992 -1.9953 3.3226 
Treated glass .78700 .75886 .976 -1.8720 3.4460 
Hydrophobic G.b. .98100 .75886 .921 -1.6780 3.6400 
Hydrophilic G.b. .87100 .75886 .958 -1.7880 3.5300 
Extract .18900 .75886 1.000 -2.4700 2.8480 
Monomer -.35633 .75886 1.000 -3.0153 2.3026 
Extract Barley -.61700 .75886 .995 -3.2760 2.0420 
Wheat -.01933 .75886 1.000 -2.6783 2.6396 
Non-Treated glass .47467 .75886 .999 -2.1843 3.1336 
Treated glass .59800 .75886 .996 -2.0610 3.2570 
Hydrophobic G.b. .79200 .75886 .975 -1.8670 3.4510 
Hydrophilic G.b. .68200 .75886 .990 -1.9770 3.3410 
Aldehyde -.18900 .75886 1.000 -2.8480 2.4700 
Monomer -.54533 .75886 .998 -3.2043 2.1136 
Monomer Barley -.07167 .75886 1.000 -2.7306 2.5873 
Wheat .52600 .75886 .998 -2.1330 3.1850 
Non-Treated glass 1.02000 .75886 .904 -1.6390 3.6790 
Treated glass 1.14333 .75886 .839 -1.5156 3.8023 
Hydrophobic G.b. 1.33733 .75886 .704 -1.3216 3.9963 
Hydrophilic G.b. 1.22733 .75886 .784 -1.4316 3.8863 
Aldehyde .35633 .75886 1.000 -2.3026 3.0153 










9.6.2: Comparison of EST D00189 expression on treated surfaces 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 
3.109 7 16 .029 
ANOVA 
Expression 
 Sum of Squares df Mean Square F Sig. 
Between Groups 21.921 7 3.132 3.092 .029 
Within Groups 16.203 16 1.013   
Total 38.124 23    
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 8.165 7 6.595 .008 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-
J) Std. Error Sig. 




Barley Wheat 1.53900 1.30269 .903 -5.2577 8.3357 
Non-Treated glass -.06700 1.19460 1.000 -6.5788 6.4448 
Treated glass -1.07900 .98448 .915 -9.2420 7.0840 
Hydrophobic G.b. -1.68967 1.01038 .715 -9.2971 5.9178 
Hydrophilic G.b. -.71133 .96587 .983 -9.4074 7.9848 
Aldehyde .44900 .96930 .999 -8.1386 9.0366 
Extract .57333 1.12106 .998 -6.0135 7.1602 
Wheat Barley -1.53900 1.30269 .903 -8.3357 5.2577 
Non-Treated glass -1.60600 1.12980 .815 -7.6222 4.4102 
Treated glass -2.61800 .90475 .365 -9.9854 4.7494 
Hydrophobic G.b. -3.22867 .93287 .252 -10.0437 3.5863 
Hydrophilic G.b. -2.25033 .88447 .455 -10.1790 5.6784 
Aldehyde -1.09000 .88822 .874 -8.9022 6.7222 
Extract -.96567 1.05174 .965 -6.9321 5.0008 
Non-Treated glass Barley .06700 1.19460 1.000 -6.4448 6.5788 
Wheat 1.60600 1.12980 .815 -4.4102 7.6222 
Treated glass -1.01200 .74071 .829 -6.7220 4.6980 
Hydrophobic G.b. -1.62267 .77481 .554 -6.8284 3.5831 
Hydrophilic G.b. -.64433 .71579 .959 -6.9715 5.6828 
Aldehyde .51600 .72042 .986 -5.6750 6.7070 
Extract .64033 .91445 .992 -4.2204 5.5011 
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Treated glass Barley 1.07900 .98448 .915 -7.0840 9.2420 
Wheat 2.61800 .90475 .365 -4.7494 9.9854 
Non-Treated glass 1.01200 .74071 .829 -4.6980 6.7220 
Hydrophobic G.b. -.61067 .37744 .732 -2.7200 1.4987 
Hydrophilic G.b. .36767 .23343 .751 -1.1880 1.9233 
Aldehyde 1.52800
*
 .24725 .044 .0636 2.9924 
Extract 1.65233 .61510 .391 -2.7746 6.0793 
Hydrophobic G.b. Barley 1.68967 1.01038 .715 -5.9178 9.2971 
Wheat 3.22867 .93287 .252 -3.5863 10.0437 
Non-Treated glass 1.62267 .77481 .554 -3.5831 6.8284 
Treated glass .61067 .37744 .732 -1.4987 2.7200 
Hydrophilic G.b. .97833 .32583 .334 -1.5190 3.4757 
Aldehyde 2.13867 .33587 .062 -.1994 4.4767 
Extract 2.26300 .65577 .217 -1.7673 6.2933 
Hydrophilic G.b. Barley .71133 .96587 .983 -7.9848 9.4074 
Wheat 2.25033 .88447 .455 -5.6784 10.1790 
Non-Treated glass .64433 .71579 .959 -5.6828 6.9715 
Treated glass -.36767 .23343 .751 -1.9233 1.1880 
Hydrophobic G.b. -.97833 .32583 .334 -3.4757 1.5190 
Aldehyde 1.16033
*
 .15761 .018 .3085 2.0122 
Extract 1.28467 .58486 .544 -3.7831 6.3525 
Aldehyde Barley -.44900 .96930 .999 -9.0366 8.1386 
Wheat 1.09000 .88822 .874 -6.7222 8.9022 
Non-Treated glass -.51600 .72042 .986 -6.7070 5.6750 
Treated glass -1.52800
*
 .24725 .044 -2.9924 -.0636 
Hydrophobic G.b. -2.13867 .33587 .062 -4.4767 .1994 
Hydrophilic G.b. -1.16033
*
 .15761 .018 -2.0122 -.3085 
Extract .12433 .59051 1.000 -4.7897 5.0384 
Extract Barley -.57333 1.12106 .998 -7.1602 6.0135 
Wheat .96567 1.05174 .965 -5.0008 6.9321 
Non-Treated glass -.64033 .91445 .992 -5.5011 4.2204 
Treated glass -1.65233 .61510 .391 -6.0793 2.7746 
Hydrophobic G.b. -2.26300 .65577 .217 -6.2933 1.7673 
Hydrophilic G.b. -1.28467 .58486 .544 -6.3525 3.7831 
Aldehyde -.12433 .59051 1.000 -5.0384 4.7897 






















9.6.3: Comparison of EST C00563 expression on treated surfaces 
 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 26.921 8 3.365 3.539 .012 
Within Groups 17.116 18 .951   
Total 44.037 26    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 2.524 8 7.208 .117 









(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat .93800 1.07257 .982 -5.1299 7.0059 
Non-Treated glass 2.27533 .92039 .475 -4.6493 9.2000 
Treated glass 2.55533 .89372 .395 -4.8966 10.0073 
Hydrophobic G.b. 2.48133 1.03622 .464 -3.5990 8.5616 
Hydrophilic G.b. 2.86633 .86874 .333 -5.3032 11.0358 
Aldehyde 2.44600 .86944 .421 -5.6994 10.5914 
Extract 2.61267 1.01721 .414 -3.5076 8.7330 
Monomer 3.48733 1.29622 .358 -3.5260 10.5006 
Wheat Barley -.93800 1.07257 .982 -7.0059 5.1299 
Non-Treated glass 1.33733 .70678 .659 -3.3423 6.0169 
Treated glass 1.61733 .67168 .495 -3.4870 6.7217 
Hydrophobic G.b. 1.54333 .85216 .685 -3.0657 6.1524 
Hydrophilic G.b. 1.92833 .63806 .378 -3.9824 7.8391 
Aldehyde 1.50800 .63902 .529 -4.3715 7.3875 
Extract 1.67467 .82894 .596 -2.8522 6.2015 
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Monomer 2.54933 1.15439 .530 -4.2318 9.3305 
Non-Treated glass Barley -2.27533 .92039 .475 -9.2000 4.6493 
Wheat -1.33733 .70678 .659 -6.0169 3.3423 
Treated glass .28000 .38454 .994 -1.9149 2.4749 
Hydrophobic G.b. .20600 .65030 1.000 -3.9042 4.3162 
Hydrophilic G.b. .59100 .32224 .690 -2.1367 3.3187 
Aldehyde .17067 .32413 .999 -2.5114 2.8527 
Extract .33733 .61956 .999 -3.4724 4.1471 
Monomer 1.21200 1.01456 .909 -6.7139 9.1379 
Treated glass Barley -2.55533 .89372 .395 -10.0073 4.8966 
Wheat -1.61733 .67168 .495 -6.7217 3.4870 
Non-Treated glass -.28000 .38454 .994 -2.4749 1.9149 
Hydrophobic G.b. -.07400 .61197 1.000 -4.5439 4.3959 
Hydrophilic G.b. .31100 .23549 .871 -1.5026 2.1246 
Aldehyde -.10933 .23807 1.000 -1.8800 1.6613 
Extract .05733 .57920 1.000 -4.0660 4.1807 
Monomer .93200 .99043 .964 -7.5280 9.3920 
Hydrophobic G.b. Barley -2.48133 1.03622 .464 -8.5616 3.5990 
Wheat -1.54333 .85216 .685 -6.1524 3.0657 
Non-Treated glass -.20600 .65030 1.000 -4.3162 3.9042 
Treated glass .07400 .61197 1.000 -4.3959 4.5439 
Hydrophilic G.b. .38500 .57487 .993 -4.9007 5.6707 
Aldehyde -.03533 .57593 1.000 -5.2871 5.2165 
Extract .13133 .78134 1.000 -4.0780 4.3407 
Monomer 1.00600 1.12070 .978 -5.8630 7.8750 
Hydrophilic G.b. Barley -2.86633 .86874 .333 -11.0358 5.3032 
Wheat -1.92833 .63806 .378 -7.8391 3.9824 
Non-Treated glass -.59100 .32224 .690 -3.3187 2.1367 
Treated glass -.31100 .23549 .871 -2.1246 1.5026 
Hydrophobic G.b. -.38500 .57487 .993 -5.6707 4.9007 
Aldehyde -.42033 .11246 .157 -1.0280 .1873 
Extract -.25367 .53985 .999 -5.1912 4.6839 
Monomer .62100 .96794 .995 -8.5129 9.7549 
Aldehyde Barley -2.44600 .86944 .421 -10.5914 5.6994 
Wheat -1.50800 .63902 .529 -7.3875 4.3715 
Non-Treated glass -.17067 .32413 .999 -2.8527 2.5114 
Treated glass .10933 .23807 1.000 -1.6613 1.8800 
Hydrophobic G.b. .03533 .57593 1.000 -5.2165 5.2871 
Hydrophilic G.b. .42033 .11246 .157 -.1873 1.0280 
Extract .16667 .54098 1.000 -4.7354 5.0687 
Monomer 1.04133 .96857 .935 -8.0707 10.1534 
Extract Barley -2.61267 1.01721 .414 -8.7330 3.5076 
Wheat -1.67467 .82894 .596 -6.2015 2.8522 
Non-Treated glass -.33733 .61956 .999 -4.1471 3.4724 
Treated glass -.05733 .57920 1.000 -4.1807 4.0660 
Hydrophobic G.b. -.13133 .78134 1.000 -4.3407 4.0780 
Hydrophilic G.b. .25367 .53985 .999 -4.6839 5.1912 
Aldehyde -.16667 .54098 1.000 -5.0687 4.7354 
Monomer .87467 1.10314 .988 -6.0744 7.8238 
Monomer Barley -3.48733 1.29622 .358 -10.5006 3.5260 
Wheat -2.54933 1.15439 .530 -9.3305 4.2318 
Non-Treated glass -1.21200 1.01456 .909 -9.1379 6.7139 
Treated glass -.93200 .99043 .964 -9.3920 7.5280 
Hydrophobic G.b. -1.00600 1.12070 .978 -7.8750 5.8630 
Hydrophilic G.b. -.62100 .96794 .995 -9.7549 8.5129 
Aldehyde -1.04133 .96857 .935 -10.1534 8.0707 






9.6.4: Comparison of EST D00471 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 
3.152 8 18 .020 
ANOVA 
Expression 
 Sum of Squares df Mean Square F Sig. 
Between Groups 13.031 8 1.629 1.099 .408 
Within Groups 26.682 18 1.482   
Total 39.713 26    
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 2.354 8 7.340 .133 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-
J) Std. Error Sig. 




Barley Wheat 1.70433 1.42990 .920 -6.5412 9.9499 
Non-Treated glass 1.01500 1.68957 .998 -8.0713 10.1013 
Treated glass -.25933 1.33191 1.000 -8.8075 8.2888 
Hydrophobic G.b. .58133 1.20469 .999 -9.8059 10.9686 
Hydrophilic G.b. .24667 1.21539 1.000 -9.8722 10.3656 
Aldehyde 1.07033 1.18708 .970 -9.8316 11.9723 
Extract .76500 1.29872 .998 -8.0461 9.5761 
Monomer 1.93633 1.19921 .768 -8.6009 12.4736 
Wheat Barley -1.70433 1.42990 .920 -9.9499 6.5412 
Non-Treated glass -.68933 1.45982 1.000 -9.1992 7.8206 
Treated glass -1.96367 1.02490 .641 -7.6813 3.7540 
Hydrophobic G.b. -1.12300 .85306 .872 -7.8252 5.5792 
Hydrophilic G.b. -1.45767 .86810 .744 -7.9011 4.9857 
Aldehyde -.63400 .82801 .987 -7.9252 6.6572 
Extract -.93933 .98138 .970 -6.6397 4.7611 
Monomer .23200 .84530 1.000 -6.6292 7.0932 
Non-Treated glass Barley -1.01500 1.68957 .998 -10.1013 8.0713 
Wheat .68933 1.45982 1.000 -7.8206 9.1992 
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Treated glass -1.27433 1.36399 .971 -10.1456 7.5969 
Hydrophobic G.b. -.43367 1.24006 1.000 -11.1858 10.3184 
Hydrophilic G.b. -.76833 1.25045 .996 -11.2542 9.7175 
Aldehyde .05533 1.22296 1.000 -11.2026 11.3133 
Extract -.25000 1.33159 1.000 -9.4029 8.9029 
Monomer .92133 1.23473 .988 -9.9788 11.8215 
Treated glass Barley .25933 1.33191 1.000 -8.2888 8.8075 
Wheat 1.96367 1.02490 .641 -3.7540 7.6813 
Non-Treated glass 1.27433 1.36399 .971 -7.5969 10.1456 
Hydrophobic G.b. .84067 .67608 .898 -3.9824 5.6637 
Hydrophilic G.b. .50600 .69496 .992 -4.1194 5.1314 
Aldehyde 1.32967 .64418 .611 -4.0622 6.7215 
Extract 1.02433 .83215 .911 -3.4885 5.5372 
Monomer 2.19567 .66626 .294 -2.7656 7.1569 
Hydrophobic G.b. Barley -.58133 1.20469 .999 -10.9686 9.8059 
Wheat 1.12300 .85306 .872 -5.5792 7.8252 
Non-Treated glass .43367 1.24006 1.000 -10.3184 11.1858 
Treated glass -.84067 .67608 .898 -5.6637 3.9824 
Hydrophilic G.b. -.33467 .40033 .986 -2.5181 1.8488 
Aldehyde .48900 .30375 .770 -1.3468 2.3248 
Extract .18367 .60808 1.000 -3.9278 4.2951 
Monomer 1.35500 .34813 .141 -.5287 3.2387 
Hydrophilic G.b. Barley -.24667 1.21539 1.000 -10.3656 9.8722 
Wheat 1.45767 .86810 .744 -4.9857 7.9011 
Non-Treated glass .76833 1.25045 .996 -9.7175 11.2542 
Treated glass -.50600 .69496 .992 -5.1314 4.1194 
Hydrophobic G.b. .33467 .40033 .986 -1.8488 2.5181 
Aldehyde .82367 .34373 .478 -1.4041 3.0514 
Extract .51833 .62900 .985 -3.4418 4.4785 
Monomer 1.68967 .38351 .104 -.4548 3.8342 
Aldehyde Barley -1.07033 1.18708 .970 -11.9723 9.8316 
Wheat .63400 .82801 .987 -6.6572 7.9252 
Non-Treated glass -.05533 1.22296 1.000 -11.3133 11.2026 
Treated glass -1.32967 .64418 .611 -6.7215 4.0622 
Hydrophobic G.b. -.48900 .30375 .770 -2.3248 1.3468 
Hydrophilic G.b. -.82367 .34373 .478 -3.0514 1.4041 
Extract -.30533 .57240 .999 -4.9427 4.3320 
Monomer .86600 .28121 .280 -.7635 2.4955 
Extract Barley -.76500 1.29872 .998 -9.5761 8.0461 
Wheat .93933 .98138 .970 -4.7611 6.6397 
Non-Treated glass .25000 1.33159 1.000 -8.9029 9.4029 
Treated glass -1.02433 .83215 .911 -5.5372 3.4885 
Hydrophobic G.b. -.18367 .60808 1.000 -4.2951 3.9278 
Hydrophilic G.b. -.51833 .62900 .985 -4.4785 3.4418 
Aldehyde .30533 .57240 .999 -4.3320 4.9427 
Monomer 1.17133 .59714 .636 -3.0580 5.4007 
Monomer Barley -1.93633 1.19921 .768 -12.4736 8.6009 
Wheat -.23200 .84530 1.000 -7.0932 6.6292 
Non-Treated glass -.92133 1.23473 .988 -11.8215 9.9788 
Treated glass -2.19567 .66626 .294 -7.1569 2.7656 
Hydrophobic G.b. -1.35500 .34813 .141 -3.2387 .5287 
Hydrophilic G.b. -1.68967 .38351 .104 -3.8342 .4548 
Aldehyde -.86600 .28121 .280 -2.4955 .7635 




9.6.5: Comparison of EST C00606 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 17.049 8 2.131 3.135 .021 
Within Groups 12.238 18 .680   
Total 29.287 26    
 






(I) VAR00001 (J) VAR00001 Mean 
Difference (I-
J) Std. Error Sig. 




Barley Wheat .51767 .67324 .996 -1.8413 2.8766 
Non-Treated glass -1.85000 .67324 .199 -4.2089 .5089 
Treated glass -1.29367 .67324 .609 -3.6526 1.0653 
Hydrophobic G.b. -1.21033 .67324 .683 -3.5693 1.1486 
Hydrophilic G.b. -1.56033 .67324 .381 -3.9193 .7986 
Aldehyde -1.31933 .67324 .586 -3.6783 1.0396 
Extract .07133 .67324 1.000 -2.2876 2.4303 
Monomer -.36500 .67324 1.000 -2.7239 1.9939 
Wheat Barley -.51767 .67324 .996 -2.8766 1.8413 
Non-Treated glass -2.36767
*
 .67324 .049 -4.7266 -.0087 
Treated glass -1.81133 .67324 .218 -4.1703 .5476 
Hydrophobic G.b. -1.72800 .67324 .265 -4.0869 .6309 
Hydrophilic G.b. -2.07800 .67324 .110 -4.4369 .2809 
Aldehyde -1.83700 .67324 .205 -4.1959 .5219 
Extract -.44633 .67324 .999 -2.8053 1.9126 
Monomer -.88267 .67324 .915 -3.2416 1.4763 
Non-Treated glass Barley 1.85000 .67324 .199 -.5089 4.2089 
Wheat 2.36767
*
 .67324 .049 .0087 4.7266 
Treated glass .55633 .67324 .994 -1.8026 2.9153 
Hydrophobic G.b. .63967 .67324 .986 -1.7193 2.9986 
Hydrophilic G.b. .28967 .67324 1.000 -2.0693 2.6486 
Aldehyde .53067 .67324 .996 -1.8283 2.8896 
Extract 1.92133 .67324 .166 -.4376 4.2803 
Monomer 1.48500 .67324 .442 -.8739 3.8439 
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Treated glass Barley 1.29367 .67324 .609 -1.0653 3.6526 
Wheat 1.81133 .67324 .218 -.5476 4.1703 
Non-Treated glass -.55633 .67324 .994 -2.9153 1.8026 
Hydrophobic G.b. .08333 .67324 1.000 -2.2756 2.4423 
Hydrophilic G.b. -.26667 .67324 1.000 -2.6256 2.0923 
Aldehyde -.02567 .67324 1.000 -2.3846 2.3333 
Extract 1.36500 .67324 .545 -.9939 3.7239 
Monomer .92867 .67324 .892 -1.4303 3.2876 
Hydrophobic G.b. Barley 1.21033 .67324 .683 -1.1486 3.5693 
Wheat 1.72800 .67324 .265 -.6309 4.0869 
Non-Treated glass -.63967 .67324 .986 -2.9986 1.7193 
Treated glass -.08333 .67324 1.000 -2.4423 2.2756 
Hydrophilic G.b. -.35000 .67324 1.000 -2.7089 2.0089 
Aldehyde -.10900 .67324 1.000 -2.4679 2.2499 
Extract 1.28167 .67324 .620 -1.0773 3.6406 
Monomer .84533 .67324 .932 -1.5136 3.2043 
Hydrophilic G.b. Barley 1.56033 .67324 .381 -.7986 3.9193 
Wheat 2.07800 .67324 .110 -.2809 4.4369 
Non-Treated glass -.28967 .67324 1.000 -2.6486 2.0693 
Treated glass .26667 .67324 1.000 -2.0923 2.6256 
Hydrophobic G.b. .35000 .67324 1.000 -2.0089 2.7089 
Aldehyde .24100 .67324 1.000 -2.1179 2.5999 
Extract 1.63167 .67324 .329 -.7273 3.9906 
Monomer 1.19533 .67324 .696 -1.1636 3.5543 
Aldehyde Barley 1.31933 .67324 .586 -1.0396 3.6783 
Wheat 1.83700 .67324 .205 -.5219 4.1959 
Non-Treated glass -.53067 .67324 .996 -2.8896 1.8283 
Treated glass .02567 .67324 1.000 -2.3333 2.3846 
Hydrophobic G.b. .10900 .67324 1.000 -2.2499 2.4679 
Hydrophilic G.b. -.24100 .67324 1.000 -2.5999 2.1179 
Extract 1.39067 .67324 .523 -.9683 3.7496 
Monomer .95433 .67324 .877 -1.4046 3.3133 
Extract Barley -.07133 .67324 1.000 -2.4303 2.2876 
Wheat .44633 .67324 .999 -1.9126 2.8053 
Non-Treated glass -1.92133 .67324 .166 -4.2803 .4376 
Treated glass -1.36500 .67324 .545 -3.7239 .9939 
Hydrophobic G.b. -1.28167 .67324 .620 -3.6406 1.0773 
Hydrophilic G.b. -1.63167 .67324 .329 -3.9906 .7273 
Aldehyde -1.39067 .67324 .523 -3.7496 .9683 
Monomer -.43633 .67324 .999 -2.7953 1.9226 
Monomer Barley .36500 .67324 1.000 -1.9939 2.7239 
Wheat .88267 .67324 .915 -1.4763 3.2416 
Non-Treated glass -1.48500 .67324 .442 -3.8439 .8739 
Treated glass -.92867 .67324 .892 -3.2876 1.4303 
Hydrophobic G.b. -.84533 .67324 .932 -3.2043 1.5136 
Hydrophilic G.b. -1.19533 .67324 .696 -3.5543 1.1636 
Aldehyde -.95433 .67324 .877 -3.3133 1.4046 
Extract .43633 .67324 .999 -1.9226 2.7953 







9.6.6: Comparison of EST C00506 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 31.086 7 4.441 4.932 .004 
Within Groups 14.406 16 .900   
Total 45.492 23    
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 3.358 7 6.061 .080 
a. Asymptotically F distributed. 
 






(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Wheat .95667 1.09595 .974 -4.7675 6.6808 
Non-Treated glass 2.68867 .73570 .268 -4.0830 9.4603 
Treated glass 2.22033 .96615 .451 -2.8696 7.3103 
Hydrophobic G.b. 2.36667 1.01889 .440 -2.9315 7.6648 
Hydrophilic G.b. 3.03733 .74160 .216 -3.5417 9.6164 
Aldehyde 2.87333 .74382 .236 -3.6381 9.3847 
Extract 3.80300 .91123 .113 -1.1784 8.7844 
Wheat Barley -.95667 1.09595 .974 -6.6808 4.7675 
Non-Treated glass 1.73200 .81253 .569 -5.7479 9.2119 
Treated glass 1.26367 1.02587 .886 -4.2600 6.7873 
Hydrophobic G.b. 1.41000 1.07568 .859 -4.2396 7.0596 
Hydrophilic G.b. 2.08067 .81788 .455 -5.2230 9.3844 
Aldehyde 1.91667 .81989 .506 -5.3243 9.1576 
Extract 2.84633 .97432 .291 -2.6629 8.3556 
Non-Treated glass Barley -2.68867 .73570 .268 -9.4603 4.0830 
Wheat -1.73200 .81253 .569 -9.2119 5.7479 
Treated glass -.46833 .62654 .982 -6.2335 5.2968 
Hydrophobic G.b. -.32200 .70515 .999 -6.8120 6.1680 
Hydrophilic G.b. .34867 .09526 .260 -.4891 1.1864 
Aldehyde .18467 .11126 .723 -.8057 1.1751 
Extract 1.11433 .53801 .587 -3.8342 6.0629 
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Treated glass Barley -2.22033 .96615 .451 -7.3103 2.8696 
Wheat -1.26367 1.02587 .886 -6.7873 4.2600 
Non-Treated glass .46833 .62654 .982 -5.2968 6.2335 
Hydrophobic G.b. .14633 .94309 1.000 -4.7905 5.0832 
Hydrophilic G.b. .81700 .63345 .854 -4.7268 6.3608 
Aldehyde .65300 .63606 .932 -4.8152 6.1212 
Extract 1.58267 .82561 .601 -2.7609 5.9262 
Hydrophobic G.b. Barley -2.36667 1.01889 .440 -7.6648 2.9315 
Wheat -1.41000 1.07568 .859 -7.0596 4.2396 
Non-Treated glass .32200 .70515 .999 -6.1680 6.8120 
Treated glass -.14633 .94309 1.000 -5.0832 4.7905 
Hydrophilic G.b. .67067 .71130 .950 -5.6194 6.9607 
Aldehyde .50667 .71362 .986 -5.7136 6.7269 
Extract 1.43633 .88675 .731 -3.3519 6.2246 
Hydrophilic G.b. Barley -3.03733 .74160 .216 -9.6164 3.5417 
Wheat -2.08067 .81788 .455 -9.3844 5.2230 
Non-Treated glass -.34867 .09526 .260 -1.1864 .4891 
Treated glass -.81700 .63345 .854 -6.3608 4.7268 
Hydrophobic G.b. -.67067 .71130 .950 -6.9607 5.6194 
Aldehyde -.16400 .14523 .919 -.9287 .6007 
Extract .76567 .54604 .815 -3.9320 5.4634 
Aldehyde Barley -2.87333 .74382 .236 -9.3847 3.6381 
Wheat -1.91667 .81989 .506 -9.1576 5.3243 
Non-Treated glass -.18467 .11126 .723 -1.1751 .8057 
Treated glass -.65300 .63606 .932 -6.1212 4.8152 
Hydrophobic G.b. -.50667 .71362 .986 -6.7269 5.7136 
Hydrophilic G.b. .16400 .14523 .919 -.6007 .9287 
Extract .92967 .54906 .710 -3.6855 5.5449 
Extract Barley -3.80300 .91123 .113 -8.7844 1.1784 
Wheat -2.84633 .97432 .291 -8.3556 2.6629 
Non-Treated glass -1.11433 .53801 .587 -6.0629 3.8342 
Treated glass -1.58267 .82561 .601 -5.9262 2.7609 
Hydrophobic G.b. -1.43633 .88675 .731 -6.2246 3.3519 
Hydrophilic G.b. -.76567 .54604 .815 -5.4634 3.9320 























9.6.7: Comparison of EST D00658 expression on treated surfaces 
 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 8.316 6 1.386 1.277 .329 
Within Groups 15.196 14 1.085   
Total 23.512 20    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 4.378 6 6.071 .047 
a. Asymptotically F distributed. 
 






(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat 1.16867 1.39503 .966 -5.9300 8.2673 
Non-Treated glass 1.39967 .90005 .725 -5.9961 8.7954 
Treated glass 1.27867 1.09656 .876 -4.4797 7.0370 
Hydrophilic G.b. 1.01500 .90095 .880 -6.3566 8.3866 
Aldehyde 1.29100 .93935 .792 -5.2979 7.8799 
Extract 2.31500 .89988 .412 -5.0854 9.7154 
Wheat Barley -1.16867 1.39503 .966 -8.2673 5.9300 
Non-Treated glass .23100 1.08823 1.000 -8.8998 9.3618 
Treated glass .11000 1.25563 1.000 -6.9666 7.1866 
Hydrophilic G.b. -.15367 1.08898 1.000 -9.2632 8.9559 
Aldehyde .12233 1.12096 1.000 -8.2338 8.4784 
Extract 1.14633 1.08809 .902 -7.9886 10.2812 
Non-Treated glass Barley -1.39967 .90005 .725 -8.7954 5.9961 
Wheat -.23100 1.08823 1.000 -9.3618 8.8998 
Treated glass -.12100 .66376 1.000 -5.2925 5.0505 
Hydrophilic G.b. -.38467 .22329 .639 -1.4988 .7295 
Aldehyde -.10867 .34717 1.000 -2.2211 2.0038 
Extract .91533 .21890 .088 -.1763 2.0070 
Treated glass Barley -1.27867 1.09656 .876 -7.0370 4.4797 
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Wheat -.11000 1.25563 1.000 -7.1866 6.9666 
Non-Treated glass .12100 .66376 1.000 -5.0505 5.2925 
Hydrophilic G.b. -.26367 .66499 .999 -5.4078 4.8804 
Aldehyde .01233 .71615 1.000 -4.4183 4.4430 
Extract 1.03633 .66353 .721 -4.1405 6.2132 
Hydrophilic G.b. Barley -1.01500 .90095 .880 -8.3866 6.3566 
Wheat .15367 1.08898 1.000 -8.9559 9.2632 
Non-Treated glass .38467 .22329 .639 -.7295 1.4988 
Treated glass .26367 .66499 .999 -4.8804 5.4078 
Aldehyde .27600 .34951 .971 -1.8209 2.3729 
Extract 1.30000
*
 .22259 .029 .1890 2.4110 
Aldehyde Barley -1.29100 .93935 .792 -7.8799 5.2979 
Wheat -.12233 1.12096 1.000 -8.4784 8.2338 
Non-Treated glass .10867 .34717 1.000 -2.0038 2.2211 
Treated glass -.01233 .71615 1.000 -4.4430 4.4183 
Hydrophilic G.b. -.27600 .34951 .971 -2.3729 1.8209 
Extract 1.02400 .34672 .281 -1.0916 3.1396 
Extract Barley -2.31500 .89988 .412 -9.7154 5.0854 
Wheat -1.14633 1.08809 .902 -10.2812 7.9886 
Non-Treated glass -.91533 .21890 .088 -2.0070 .1763 
Treated glass -1.03633 .66353 .721 -6.2132 4.1405 
Hydrophilic G.b. -1.30000
*
 .22259 .029 -2.4110 -.1890 
Aldehyde -1.02400 .34672 .281 -3.1396 1.0916 































9.6.8: Comparison of EST D00972 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 
2.853 7 16 .039 
ANOVA 
Expression 
 Sum of Squares df Mean Square F Sig. 
Between Groups 4.642 7 .663 1.014 .458 
Within Groups 10.461 16 .654   
Total 15.103 23    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 2.043 7 6.618 .190 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Wheat .62600 1.12716 .998 -5.2310 6.4830 
Non-Treated glass .34567 .80920 .999 -6.2914 6.9827 
Treated glass -.27267 .79169 1.000 -7.4032 6.8578 
Hydrophobic G.b. -.19667 .96255 1.000 -5.5283 5.1350 
Hydrophilic G.b. .06000 .82078 1.000 -6.3189 6.4389 
Aldehyde -.91300 .82964 .916 -7.1241 5.2981 
Extract -.39367 .79215 .998 -7.5094 6.7221 
Wheat Barley -.62600 1.12716 .998 -6.4830 5.2310 
Non-Treated glass -.28033 .82690 1.000 -7.0940 6.5334 
Treated glass -.89867 .80978 .909 -8.1992 6.4019 
Hydrophobic G.b. -.82267 .97748 .977 -6.2794 4.6341 
Hydrophilic G.b. -.56600 .83824 .990 -7.1222 5.9902 
Aldehyde -1.53900 .84691 .661 -7.9267 4.8487 
Extract -1.01967 .81022 .864 -8.3058 6.2664 
Non-Treated glass Barley -.34567 .80920 .999 -6.9827 6.2914 
Wheat .28033 .82690 1.000 -6.5334 7.0940 
Treated glass -.61833 .20015 .298 -1.9878 .7511 
Hydrophobic G.b. -.54233 .58292 .956 -4.8897 3.8050 
Hydrophilic G.b. -.28567 .29491 .957 -1.8582 1.2868 
Aldehyde -1.25867 .31873 .134 -3.0174 .5000 
Extract -.73933 .20195 .208 -2.0888 .6101 
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Treated glass Barley .27267 .79169 1.000 -6.8578 7.4032 
Wheat .89867 .80978 .909 -6.4019 8.1992 
Non-Treated glass .61833 .20015 .298 -.7511 1.9878 
Hydrophobic G.b. .07600 .55836 1.000 -4.8424 4.9944 
Hydrophilic G.b. .33267 .24278 .828 -1.4718 2.1371 
Aldehyde -.64033 .27121 .485 -2.7350 1.4543 
Extract -.12100 .11294 .935 -.7087 .4667 
Hydrophobic G.b. Barley .19667 .96255 1.000 -5.1350 5.5283 
Wheat .82267 .97748 .977 -4.6341 6.2794 
Non-Treated glass .54233 .58292 .956 -3.8050 4.8897 
Treated glass -.07600 .55836 1.000 -4.9944 4.8424 
Hydrophilic G.b. .25667 .59889 .999 -3.8581 4.3714 
Aldehyde -.71633 .61098 .898 -4.7046 3.2719 
Extract -.19700 .55901 1.000 -5.0958 4.7018 
Hydrophilic G.b. Barley -.06000 .82078 1.000 -6.4389 6.3189 
Wheat .56600 .83824 .990 -5.9902 7.1222 
Non-Treated glass .28567 .29491 .957 -1.2868 1.8582 
Treated glass -.33267 .24278 .828 -2.1371 1.4718 
Hydrophobic G.b. -.25667 .59889 .999 -4.3714 3.8581 
Aldehyde -.97300 .34708 .300 -2.7908 .8448 
Extract -.45367 .24427 .645 -2.2336 1.3262 
Aldehyde Barley .91300 .82964 .916 -5.2981 7.1241 
Wheat 1.53900 .84691 .661 -4.8487 7.9267 
Non-Treated glass 1.25867 .31873 .134 -.5000 3.0174 
Treated glass .64033 .27121 .485 -1.4543 2.7350 
Hydrophobic G.b. .71633 .61098 .898 -3.2719 4.7046 
Hydrophilic G.b. .97300 .34708 .300 -.8448 2.7908 
Extract .51933 .27255 .629 -1.5496 2.5883 
Extract Barley .39367 .79215 .998 -6.7221 7.5094 
Wheat 1.01967 .81022 .864 -6.2664 8.3058 
Non-Treated glass .73933 .20195 .208 -.6101 2.0888 
Treated glass .12100 .11294 .935 -.4667 .7087 
Hydrophobic G.b. .19700 .55901 1.000 -4.7018 5.0958 
Hydrophilic G.b. .45367 .24427 .645 -1.3262 2.2336 

























9.6.9: Comparison of EST D00944 expression on treated surfaces 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 
1.430 7 16 .261 
ANOVA 
Expression 
 Sum of Squares df Mean Square F Sig. 
Between Groups 31.461 7 4.494 3.151 .027 
Within Groups 22.819 16 1.426   
Total 54.280 23    
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat .68933 .97508 .996 -2.6865 4.0652 
Non-Treated Glass 3.56633
*
 .97508 .035 .1905 6.9422 
Treated Glass 2.75333 .97508 .156 -.6225 6.1292 
Hydrophobic G.b 2.01966 .97508 .470 -1.3562 5.3955 
Hydrophillic G.b. 2.29166 .97508 .326 -1.0842 5.6675 
Aldehyde 3.29433 .97508 .058 -.0815 6.6702 
Extract 1.87000 .97508 .559 -1.5059 5.2459 
Wheat Barley -.68933 .97508 .996 -4.0652 2.6865 
Non-Treated Glass 2.87700 .97508 .126 -.4989 6.2529 
Treated Glass 2.06400 .97508 .445 -1.3119 5.4399 
Hydrophobic G.b 1.33033 .97508 .860 -2.0455 4.7062 
Hydrophillic G.b. 1.60233 .97508 .720 -1.7735 4.9782 
Aldehyde 2.60500 .97508 .201 -.7709 5.9809 
Extract 1.18066 .97508 .917 -2.1952 4.5565 
Non-Treated Glass Barley -3.56633
*
 .97508 .035 -6.9422 -.1905 
Wheat -2.87700 .97508 .126 -6.2529 .4989 
Treated Glass -.81300 .97508 .988 -4.1889 2.5629 
Hydrophobic G.b -1.54667 .97508 .752 -4.9225 1.8292 
Hydrophillic G.b. -1.27467 .97508 .883 -4.6505 2.1012 
Aldehyde -.27200 .97508 1.000 -3.6479 3.1039 
Extract -1.69634 .97508 .664 -5.0722 1.6795 
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Treated Glass Barley -2.75333 .97508 .156 -6.1292 .6225 
Wheat -2.06400 .97508 .445 -5.4399 1.3119 
Non-Treated Glass .81300 .97508 .988 -2.5629 4.1889 
Hydrophobic G.b -.73367 .97508 .993 -4.1095 2.6422 
Hydrophillic G.b. -.46167 .97508 1.000 -3.8375 2.9142 
Aldehyde .54100 .97508 .999 -2.8349 3.9169 
Extract -.88334 .97508 .981 -4.2592 2.4925 
Hydrophobic G.b Barley -2.01966 .97508 .470 -5.3955 1.3562 
Wheat -1.33033 .97508 .860 -4.7062 2.0455 
Non-Treated Glass 1.54667 .97508 .752 -1.8292 4.9225 
Treated Glass .73367 .97508 .993 -2.6422 4.1095 
Hydrophillic G.b. .27200 .97508 1.000 -3.1039 3.6479 
Aldehyde 1.27467 .97508 .883 -2.1012 4.6505 
Extract -.14967 .97508 1.000 -3.5255 3.2262 
Hydrophillic G.b. Barley -2.29166 .97508 .326 -5.6675 1.0842 
Wheat -1.60233 .97508 .720 -4.9782 1.7735 
Non-Treated Glass 1.27467 .97508 .883 -2.1012 4.6505 
Treated Glass .46167 .97508 1.000 -2.9142 3.8375 
Hydrophobic G.b -.27200 .97508 1.000 -3.6479 3.1039 
Aldehyde 1.00267 .97508 .963 -2.3732 4.3785 
Extract -.42167 .97508 1.000 -3.7975 2.9542 
Aldehyde Barley -3.29433 .97508 .058 -6.6702 .0815 
Wheat -2.60500 .97508 .201 -5.9809 .7709 
Non-Treated Glass .27200 .97508 1.000 -3.1039 3.6479 
Treated Glass -.54100 .97508 .999 -3.9169 2.8349 
Hydrophobic G.b -1.27467 .97508 .883 -4.6505 2.1012 
Hydrophillic G.b. -1.00267 .97508 .963 -4.3785 2.3732 
Extract -1.42434 .97508 .816 -4.8002 1.9515 
Extract Barley -1.87000 .97508 .559 -5.2459 1.5059 
Wheat -1.18066 .97508 .917 -4.5565 2.1952 
Non-Treated Glass 1.69634 .97508 .664 -1.6795 5.0722 
Treated Glass .88334 .97508 .981 -2.4925 4.2592 
Hydrophobic G.b .14967 .97508 1.000 -3.2262 3.5255 
Hydrophillic G.b. .42167 .97508 1.000 -2.9542 3.7975 
Aldehyde 1.42434 .97508 .816 -1.9515 4.8002 







9.6.10: Comparison of EST D00881 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 51.635 7 7.376 4.604 .005 
Within Groups 25.637 16 1.602   
Total 77.272 23    
 





(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Wheat 2.20267 1.03354 .437 -1.3756 5.7809 
Non-Treated glass -1.08233 1.03354 .959 -4.6606 2.4959 
Treated glass -1.57267 1.03354 .786 -5.1509 2.0056 
Hydrophobic G.b. -1.81667 1.03354 .654 -5.3949 1.7616 
Hydrophilic G.b. -1.54267 1.03354 .801 -5.1209 2.0356 
Aldehyde 1.49300 1.03354 .824 -2.0853 5.0713 
Extract 1.01000 1.03354 .971 -2.5683 4.5883 
Wheat Barley -2.20267 1.03354 .437 -5.7809 1.3756 
Non-Treated glass -3.28500 1.03354 .084 -6.8633 .2933 
Treated glass -3.77533
*
 1.03354 .035 -7.3536 -.1971 
Hydrophobic G.b. -4.01933
*
 1.03354 .022 -7.5976 -.4411 
Hydrophilic G.b. -3.74533
*
 1.03354 .037 -7.3236 -.1671 
Aldehyde -.70967 1.03354 .996 -4.2879 2.8686 
Extract -1.19267 1.03354 .934 -4.7709 2.3856 
Non-Treated glass Barley 1.08233 1.03354 .959 -2.4959 4.6606 
Wheat 3.28500 1.03354 .084 -.2933 6.8633 
Treated glass -.49033 1.03354 1.000 -4.0686 3.0879 
Hydrophobic G.b. -.73433 1.03354 .995 -4.3126 2.8439 
Hydrophilic G.b. -.46033 1.03354 1.000 -4.0386 3.1179 
Aldehyde 2.57533 1.03354 .266 -1.0029 6.1536 
Extract 2.09233 1.03354 .497 -1.4859 5.6706 
Treated glass Barley 1.57267 1.03354 .786 -2.0056 5.1509 
Wheat 3.77533
*
 1.03354 .035 .1971 7.3536 
Non-Treated glass .49033 1.03354 1.000 -3.0879 4.0686 
Hydrophobic G.b. -.24400 1.03354 1.000 -3.8223 3.3343 
Hydrophilic G.b. .03000 1.03354 1.000 -3.5483 3.6083 
Aldehyde 3.06567 1.03354 .123 -.5126 6.6439 
Extract 2.58267 1.03354 .263 -.9956 6.1609 
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Hydrophobic G.b. Barley 1.81667 1.03354 .654 -1.7616 5.3949 
Wheat 4.01933
*
 1.03354 .022 .4411 7.5976 
Non-Treated glass .73433 1.03354 .995 -2.8439 4.3126 
Treated glass .24400 1.03354 1.000 -3.3343 3.8223 
Hydrophilic G.b. .27400 1.03354 1.000 -3.3043 3.8523 
Aldehyde 3.30967 1.03354 .081 -.2686 6.8879 
Extract 2.82667 1.03354 .181 -.7516 6.4049 
Hydrophilic G.b. Barley 1.54267 1.03354 .801 -2.0356 5.1209 
Wheat 3.74533
*
 1.03354 .037 .1671 7.3236 
Non-Treated glass .46033 1.03354 1.000 -3.1179 4.0386 
Treated glass -.03000 1.03354 1.000 -3.6083 3.5483 
Hydrophobic G.b. -.27400 1.03354 1.000 -3.8523 3.3043 
Aldehyde 3.03567 1.03354 .129 -.5426 6.6139 
Extract 2.55267 1.03354 .274 -1.0256 6.1309 
Aldehyde Barley -1.49300 1.03354 .824 -5.0713 2.0853 
Wheat .70967 1.03354 .996 -2.8686 4.2879 
Non-Treated glass -2.57533 1.03354 .266 -6.1536 1.0029 
Treated glass -3.06567 1.03354 .123 -6.6439 .5126 
Hydrophobic G.b. -3.30967 1.03354 .081 -6.8879 .2686 
Hydrophilic G.b. -3.03567 1.03354 .129 -6.6139 .5426 
Extract -.48300 1.03354 1.000 -4.0613 3.0953 
Extract Barley -1.01000 1.03354 .971 -4.5883 2.5683 
Wheat 1.19267 1.03354 .934 -2.3856 4.7709 
Non-Treated glass -2.09233 1.03354 .497 -5.6706 1.4859 
Treated glass -2.58267 1.03354 .263 -6.1609 .9956 
Hydrophobic G.b. -2.82667 1.03354 .181 -6.4049 .7516 
Hydrophilic G.b. -2.55267 1.03354 .274 -6.1309 1.0256 
Aldehyde .48300 1.03354 1.000 -3.0953 4.0613 































9.6.11: Comparison of EST D01260 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 12.693 8 1.587 .656 .722 
Within Groups 43.553 18 2.420   
Total 56.245 26    
 
 







(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat .80467 1.27006 .999 -3.6455 5.2548 
Non-Treated glass -.16667 1.27006 1.000 -4.6168 4.2835 
Treated glass -.92600 1.27006 .998 -5.3761 3.5241 
Hydrophobic G.b. -.52900 1.27006 1.000 -4.9791 3.9211 
Hydrophilic G.b. -.49433 1.27006 1.000 -4.9445 3.9558 
Aldehyde -.01233 1.27006 1.000 -4.4625 4.4378 
Extract .01000 1.27006 1.000 -4.4401 4.4601 
Monomer 1.47533 1.27006 .955 -2.9748 5.9255 
Wheat Barley -.80467 1.27006 .999 -5.2548 3.6455 
Non-Treated glass -.97133 1.27006 .997 -5.4215 3.4788 
Treated glass -1.73067 1.27006 .898 -6.1808 2.7195 
Hydrophobic G.b. -1.33367 1.27006 .975 -5.7838 3.1165 
Hydrophilic G.b. -1.29900 1.27006 .978 -5.7491 3.1511 
Aldehyde -.81700 1.27006 .999 -5.2671 3.6331 
Extract -.79467 1.27006 .999 -5.2448 3.6555 
Monomer .67067 1.27006 1.000 -3.7795 5.1208 
Non-Treated glass Barley .16667 1.27006 1.000 -4.2835 4.6168 
Wheat .97133 1.27006 .997 -3.4788 5.4215 
Treated glass -.75933 1.27006 .999 -5.2095 3.6908 
Hydrophobic G.b. -.36233 1.27006 1.000 -4.8125 4.0878 
Hydrophilic G.b. -.32767 1.27006 1.000 -4.7778 4.1225 
Aldehyde .15433 1.27006 1.000 -4.2958 4.6045 
Extract .17667 1.27006 1.000 -4.2735 4.6268 
Monomer 1.64200 1.27006 .921 -2.8081 6.0921 
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Treated glass Barley .92600 1.27006 .998 -3.5241 5.3761 
Wheat 1.73067 1.27006 .898 -2.7195 6.1808 
Non-Treated glass .75933 1.27006 .999 -3.6908 5.2095 
Hydrophobic G.b. .39700 1.27006 1.000 -4.0531 4.8471 
Hydrophilic G.b. .43167 1.27006 1.000 -4.0185 4.8818 
Aldehyde .91367 1.27006 .998 -3.5365 5.3638 
Extract .93600 1.27006 .997 -3.5141 5.3861 
Monomer 2.40133 1.27006 .628 -2.0488 6.8515 
Hydrophobic G.b. Barley .52900 1.27006 1.000 -3.9211 4.9791 
Wheat 1.33367 1.27006 .975 -3.1165 5.7838 
Non-Treated glass .36233 1.27006 1.000 -4.0878 4.8125 
Treated glass -.39700 1.27006 1.000 -4.8471 4.0531 
Hydrophilic G.b. .03467 1.27006 1.000 -4.4155 4.4848 
Aldehyde .51667 1.27006 1.000 -3.9335 4.9668 
Extract .53900 1.27006 1.000 -3.9111 4.9891 
Monomer 2.00433 1.27006 .804 -2.4458 6.4545 
Hydrophilic G.b. Barley .49433 1.27006 1.000 -3.9558 4.9445 
Wheat 1.29900 1.27006 .978 -3.1511 5.7491 
Non-Treated glass .32767 1.27006 1.000 -4.1225 4.7778 
Treated glass -.43167 1.27006 1.000 -4.8818 4.0185 
Hydrophobic G.b. -.03467 1.27006 1.000 -4.4848 4.4155 
Aldehyde .48200 1.27006 1.000 -3.9681 4.9321 
Extract .50433 1.27006 1.000 -3.9458 4.9545 
Monomer 1.96967 1.27006 .818 -2.4805 6.4198 
Aldehyde Barley .01233 1.27006 1.000 -4.4378 4.4625 
Wheat .81700 1.27006 .999 -3.6331 5.2671 
Non-Treated glass -.15433 1.27006 1.000 -4.6045 4.2958 
Treated glass -.91367 1.27006 .998 -5.3638 3.5365 
Hydrophobic G.b. -.51667 1.27006 1.000 -4.9668 3.9335 
Hydrophilic G.b. -.48200 1.27006 1.000 -4.9321 3.9681 
Extract .02233 1.27006 1.000 -4.4278 4.4725 
Monomer 1.48767 1.27006 .953 -2.9625 5.9378 
Extract Barley -.01000 1.27006 1.000 -4.4601 4.4401 
Wheat .79467 1.27006 .999 -3.6555 5.2448 
Non-Treated glass -.17667 1.27006 1.000 -4.6268 4.2735 
Treated glass -.93600 1.27006 .997 -5.3861 3.5141 
Hydrophobic G.b. -.53900 1.27006 1.000 -4.9891 3.9111 
Hydrophilic G.b. -.50433 1.27006 1.000 -4.9545 3.9458 
Aldehyde -.02233 1.27006 1.000 -4.4725 4.4278 
Monomer 1.46533 1.27006 .957 -2.9848 5.9155 
Monomer Barley -1.47533 1.27006 .955 -5.9255 2.9748 
Wheat -.67067 1.27006 1.000 -5.1208 3.7795 
Non-Treated glass -1.64200 1.27006 .921 -6.0921 2.8081 
Treated glass -2.40133 1.27006 .628 -6.8515 2.0488 
Hydrophobic G.b. -2.00433 1.27006 .804 -6.4545 2.4458 
Hydrophilic G.b. -1.96967 1.27006 .818 -6.4198 2.4805 
Aldehyde -1.48767 1.27006 .953 -5.9378 2.9625 











9.6.12: Comparison of EST C00009 expression on treated surfaces 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 
2.863 5 12 .063 
ANOVA 
Expression 
 Sum of Squares df Mean Square F Sig. 
Between Groups 53.994 5 10.799 10.108 .001 
Within Groups 12.820 12 1.068   
Total 66.814 17    
 






(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat 4.76900
*
 .84393 .001 1.9343 7.6037 
Non-Treated glass -.08800 .84393 1.000 -2.9227 2.7467 
Treated glass .44633 .84393 .994 -2.3884 3.2810 
Hydrophobic G.b. -.10400 .84393 1.000 -2.9387 2.7307 
Hydrophilic G.b. .68767 .84393 .959 -2.1470 3.5224 
Wheat Barley -4.76900
*
 .84393 .001 -7.6037 -1.9343 
Non-Treated glass -4.85700
*
 .84393 .001 -7.6917 -2.0223 
Treated glass -4.32267
*
 .84393 .003 -7.1574 -1.4880 
Hydrophobic G.b. -4.87300
*
 .84393 .001 -7.7077 -2.0383 
Hydrophilic G.b. -4.08133
*
 .84393 .004 -6.9160 -1.2466 
Non-Treated glass Barley .08800 .84393 1.000 -2.7467 2.9227 
Wheat 4.85700
*
 .84393 .001 2.0223 7.6917 
Treated glass .53433 .84393 .986 -2.3004 3.3690 
Hydrophobic G.b. -.01600 .84393 1.000 -2.8507 2.8187 
Hydrophilic G.b. .77567 .84393 .934 -2.0590 3.6104 
Treated glass Barley -.44633 .84393 .994 -3.2810 2.3884 
Wheat 4.32267
*
 .84393 .003 1.4880 7.1574 
Non-Treated glass -.53433 .84393 .986 -3.3690 2.3004 
Hydrophobic G.b. -.55033 .84393 .984 -3.3850 2.2844 
Hydrophilic G.b. .24133 .84393 1.000 -2.5934 3.0760 
Hydrophobic G.b. Barley .10400 .84393 1.000 -2.7307 2.9387 
Wheat 4.87300
*
 .84393 .001 2.0383 7.7077 
Non-Treated glass .01600 .84393 1.000 -2.8187 2.8507 
Treated glass .55033 .84393 .984 -2.2844 3.3850 
Hydrophilic G.b. .79167 .84393 .929 -2.0430 3.6264 
Hydrophilic G.b. Barley -.68767 .84393 .959 -3.5224 2.1470 
Wheat 4.08133
*
 .84393 .004 1.2466 6.9160 
Non-Treated glass -.77567 .84393 .934 -3.6104 2.0590 
Treated glass -.24133 .84393 1.000 -3.0760 2.5934 
Hydrophobic G.b. -.79167 .84393 .929 -3.6264 2.0430 




9.6.13: Comparison of EST C00482 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 24.566 8 3.071 3.368 .015 
Within Groups 16.411 18 .912   
Total 40.978 26    
 
 








(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Wheat .79867 .77963 .978 -1.9331 3.5304 
Non-Treated glass .96100 .77963 .938 -1.7707 3.6927 
Treated glass .77900 .77963 .981 -1.9527 3.5107 
Hydrophobic G.b. 1.02567 .77963 .914 -1.7061 3.7574 
Hydrophilic G.b. .82200 .77963 .974 -1.9097 3.5537 
Aldehyde 1.35067 .77963 .721 -1.3811 4.0824 
Extract 2.19433 .77963 .178 -.5374 4.9261 
Monomer 3.48267
*
 .77963 .007 .7509 6.2144 
Wheat Barley -.79867 .77963 .978 -3.5304 1.9331 
Non-Treated glass .16233 .77963 1.000 -2.5694 2.8941 
Treated glass -.01967 .77963 1.000 -2.7514 2.7121 
Hydrophobic G.b. .22700 .77963 1.000 -2.5047 2.9587 
Hydrophilic G.b. .02333 .77963 1.000 -2.7084 2.7551 
Aldehyde .55200 .77963 .998 -2.1797 3.2837 
Extract 1.39567 .77963 .688 -1.3361 4.1274 
Monomer 2.68400 .77963 .056 -.0477 5.4157 
Non-Treated glass Barley -.96100 .77963 .938 -3.6927 1.7707 
Wheat -.16233 .77963 1.000 -2.8941 2.5694 
Treated glass -.18200 .77963 1.000 -2.9137 2.5497 
Hydrophobic G.b. .06467 .77963 1.000 -2.6671 2.7964 
Hydrophilic G.b. -.13900 .77963 1.000 -2.8707 2.5927 
Aldehyde .38967 .77963 1.000 -2.3421 3.1214 
Extract 1.23333 .77963 .802 -1.4984 3.9651 
Monomer 2.52167 .77963 .084 -.2101 5.2534 
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Treated glass Barley -.77900 .77963 .981 -3.5107 1.9527 
Wheat .01967 .77963 1.000 -2.7121 2.7514 
Non-Treated glass .18200 .77963 1.000 -2.5497 2.9137 
Hydrophobic G.b. .24667 .77963 1.000 -2.4851 2.9784 
Hydrophilic G.b. .04300 .77963 1.000 -2.6887 2.7747 
Aldehyde .57167 .77963 .997 -2.1601 3.3034 
Extract 1.41533 .77963 .673 -1.3164 4.1471 
Monomer 2.70367 .77963 .054 -.0281 5.4354 
Hydrophobic G.b. Barley -1.02567 .77963 .914 -3.7574 1.7061 
Wheat -.22700 .77963 1.000 -2.9587 2.5047 
Non-Treated glass -.06467 .77963 1.000 -2.7964 2.6671 
Treated glass -.24667 .77963 1.000 -2.9784 2.4851 
Hydrophilic G.b. -.20367 .77963 1.000 -2.9354 2.5281 
Aldehyde .32500 .77963 1.000 -2.4067 3.0567 
Extract 1.16867 .77963 .842 -1.5631 3.9004 
Monomer 2.45700 .77963 .098 -.2747 5.1887 
Hydrophilic G.b. Barley -.82200 .77963 .974 -3.5537 1.9097 
Wheat -.02333 .77963 1.000 -2.7551 2.7084 
Non-Treated glass .13900 .77963 1.000 -2.5927 2.8707 
Treated glass -.04300 .77963 1.000 -2.7747 2.6887 
Hydrophobic G.b. .20367 .77963 1.000 -2.5281 2.9354 
Aldehyde .52867 .77963 .999 -2.2031 3.2604 
Extract 1.37233 .77963 .705 -1.3594 4.1041 
Monomer 2.66067 .77963 .060 -.0711 5.3924 
Aldehyde Barley -1.35067 .77963 .721 -4.0824 1.3811 
Wheat -.55200 .77963 .998 -3.2837 2.1797 
Non-Treated glass -.38967 .77963 1.000 -3.1214 2.3421 
Treated glass -.57167 .77963 .997 -3.3034 2.1601 
Hydrophobic G.b. -.32500 .77963 1.000 -3.0567 2.4067 
Hydrophilic G.b. -.52867 .77963 .999 -3.2604 2.2031 
Extract .84367 .77963 .970 -1.8881 3.5754 
Monomer 2.13200 .77963 .203 -.5997 4.8637 
Extract Barley -2.19433 .77963 .178 -4.9261 .5374 
Wheat -1.39567 .77963 .688 -4.1274 1.3361 
Non-Treated glass -1.23333 .77963 .802 -3.9651 1.4984 
Treated glass -1.41533 .77963 .673 -4.1471 1.3164 
Hydrophobic G.b. -1.16867 .77963 .842 -3.9004 1.5631 
Hydrophilic G.b. -1.37233 .77963 .705 -4.1041 1.3594 
Aldehyde -.84367 .77963 .970 -3.5754 1.8881 
Monomer 1.28833 .77963 .766 -1.4434 4.0201 
Monomer Barley -3.48267
*
 .77963 .007 -6.2144 -.7509 
Wheat -2.68400 .77963 .056 -5.4157 .0477 
Non-Treated glass -2.52167 .77963 .084 -5.2534 .2101 
Treated glass -2.70367 .77963 .054 -5.4354 .0281 
Hydrophobic G.b. -2.45700 .77963 .098 -5.1887 .2747 
Hydrophilic G.b. -2.66067 .77963 .060 -5.3924 .0711 
Aldehyde -2.13200 .77963 .203 -4.8637 .5997 
Extract -1.28833 .77963 .766 -4.0201 1.4434 










9.6.14: Comparison of EST C01244 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 4.459 7 .637 .603 .745 
Within Groups 16.890 16 1.056   
Total 21.350 23    
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch .838 7 6.522 .591 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Wheat .94733 1.20222 .985 -5.3030 7.1976 
Non-Treated glass 1.15667 .89029 .852 -6.1235 8.4368 
Treated glass .57500 .97867 .996 -5.5088 6.6588 
Hydrophobic G.b. .41267 1.18692 1.000 -5.7676 6.5929 
Hydrophilic G.b. .59067 .87447 .989 -7.1193 8.3007 
Aldehyde 1.07067 .99947 .930 -4.9054 7.0467 
Extract 1.42133 .97390 .797 -4.6937 7.5364 
Wheat Barley -.94733 1.20222 .985 -7.1976 5.3030 
Non-Treated glass .20933 .85873 1.000 -6.7546 7.1733 
Treated glass -.37233 .95006 1.000 -6.1812 5.4365 
Hydrophobic G.b. -.53467 1.16344 .999 -6.5809 5.5116 
Hydrophilic G.b. -.35667 .84233 .999 -7.7585 7.0452 
Aldehyde .12333 .97147 1.000 -5.5933 5.8399 
Extract .47400 .94514 .998 -5.3626 6.3106 
Non-Treated glass Barley -1.15667 .89029 .852 -8.4368 6.1235 
Wheat -.20933 .85873 1.000 -7.1733 6.7546 
Treated glass -.58167 .49989 .901 -3.9006 2.7373 
Hydrophobic G.b. -.74400 .83718 .963 -7.4914 6.0034 
Hydrophilic G.b. -.56600 .23832 .445 -1.9825 .8505 
Aldehyde -.08600 .53947 1.000 -3.8047 3.6327 
Extract .26467 .49048 .997 -2.9600 3.4893 
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Treated glass Barley -.57500 .97867 .996 -6.6588 5.5088 
Wheat .37233 .95006 1.000 -5.4365 6.1812 
Non-Treated glass .58167 .49989 .901 -2.7373 3.9006 
Hydrophobic G.b. -.16233 .93062 1.000 -5.7867 5.4620 
Hydrophilic G.b. .01567 .47115 1.000 -3.7459 3.7772 
Aldehyde .49567 .67544 .989 -3.0289 4.0202 
Extract .84633 .63699 .852 -2.4636 4.1563 
Hydrophobic G.b. Barley -.41267 1.18692 1.000 -6.5929 5.7676 
Wheat .53467 1.16344 .999 -5.5116 6.5809 
Non-Treated glass .74400 .83718 .963 -6.0034 7.4914 
Treated glass .16233 .93062 1.000 -5.4620 5.7867 
Hydrophilic G.b. .17800 .82034 1.000 -7.0127 7.3687 
Aldehyde .65800 .95247 .991 -4.8854 6.2014 
Extract 1.00867 .92560 .924 -4.6409 6.6582 
Hydrophilic G.b. Barley -.59067 .87447 .989 -8.3007 7.1193 
Wheat .35667 .84233 .999 -7.0452 7.7585 
Non-Treated glass .56600 .23832 .445 -.8505 1.9825 
Treated glass -.01567 .47115 1.000 -3.7772 3.7459 
Hydrophobic G.b. -.17800 .82034 1.000 -7.3687 7.0127 
Aldehyde .48000 .51295 .953 -3.7018 4.6618 
Extract .83067 .46115 .669 -2.8299 4.4912 
Aldehyde Barley -1.07067 .99947 .930 -7.0467 4.9054 
Wheat -.12333 .97147 1.000 -5.8399 5.5933 
Non-Treated glass .08600 .53947 1.000 -3.6327 3.8047 
Treated glass -.49567 .67544 .989 -4.0202 3.0289 
Hydrophobic G.b. -.65800 .95247 .991 -6.2014 4.8854 
Hydrophilic G.b. -.48000 .51295 .953 -4.6618 3.7018 
Extract .35067 .66850 .998 -3.1466 3.8479 
Extract Barley -1.42133 .97390 .797 -7.5364 4.6937 
Wheat -.47400 .94514 .998 -6.3106 5.3626 
Non-Treated glass -.26467 .49048 .997 -3.4893 2.9600 
Treated glass -.84633 .63699 .852 -4.1563 2.4636 
Hydrophobic G.b. -1.00867 .92560 .924 -6.6582 4.6409 
Hydrophilic G.b. -.83067 .46115 .669 -4.4912 2.8299 























9.6.15: Comparison of EST C01417 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 67.987 6 11.331 15.500 .000 
Within Groups 10.234 14 .731   
Total 78.221 20    
 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat 2.17233 .69810 .085 -.2114 4.5561 
Non-Treated glass 5.59600
*
 .69810 .000 3.2123 7.9797 
Treated glass 4.62100
*
 .69810 .000 2.2373 7.0047 
Hydrophobic G.b. 4.53333
*
 .69810 .000 2.1496 6.9171 
Aldehyde 3.75800
*
 .69810 .001 1.3743 6.1417 
Extract 4.92867
*
 .69810 .000 2.5449 7.3124 
Wheat Barley -2.17233 .69810 .085 -4.5561 .2114 
Non-Treated glass 3.42367
*
 .69810 .003 1.0399 5.8074 
Treated glass 2.44867
*
 .69810 .042 .0649 4.8324 
Hydrophobic G.b. 2.36100 .69810 .053 -.0227 4.7447 
Aldehyde 1.58567 .69810 .321 -.7981 3.9694 
Extract 2.75633
*
 .69810 .019 .3726 5.1401 
Non-Treated glass Barley -5.59600
*
 .69810 .000 -7.9797 -3.2123 
Wheat -3.42367
*
 .69810 .003 -5.8074 -1.0399 
Treated glass -.97500 .69810 .795 -3.3587 1.4087 
Hydrophobic G.b. -1.06267 .69810 .729 -3.4464 1.3211 
Aldehyde -1.83800 .69810 .188 -4.2217 .5457 
Extract -.66733 .69810 .956 -3.0511 1.7164 
Treated glass Barley -4.62100
*
 .69810 .000 -7.0047 -2.2373 
Wheat -2.44867
*
 .69810 .042 -4.8324 -.0649 
Non-Treated glass .97500 .69810 .795 -1.4087 3.3587 
Hydrophobic G.b. -.08767 .69810 1.000 -2.4714 2.2961 
Aldehyde -.86300 .69810 .869 -3.2467 1.5207 
Extract .30767 .69810 .999 -2.0761 2.6914 
Hydrophobic G.b. Barley -4.53333
*
 .69810 .000 -6.9171 -2.1496 
Wheat -2.36100 .69810 .053 -4.7447 .0227 
Non-Treated glass 1.06267 .69810 .729 -1.3211 3.4464 
Treated glass .08767 .69810 1.000 -2.2961 2.4714 
Aldehyde -.77533 .69810 .915 -3.1591 1.6084 





 .69810 .001 -6.1417 -1.3743 
Wheat -1.58567 .69810 .321 -3.9694 .7981 
Non-Treated glass 1.83800 .69810 .188 -.5457 4.2217 
Treated glass .86300 .69810 .869 -1.5207 3.2467 
Hydrophobic G.b. .77533 .69810 .915 -1.6084 3.1591 
Extract 1.17067 .69810 .640 -1.2131 3.5544 
Extract Barley -4.92867
*
 .69810 .000 -7.3124 -2.5449 
Wheat -2.75633
*
 .69810 .019 -5.1401 -.3726 
Non-Treated glass .66733 .69810 .956 -1.7164 3.0511 
Treated glass -.30767 .69810 .999 -2.6914 2.0761 
Hydrophobic G.b. -.39533 .69810 .997 -2.7791 1.9884 
Aldehyde -1.17067 .69810 .640 -3.5544 1.2131 




















































Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 4.159 6 .693 .637 .700 
Within Groups 15.245 14 1.089   
Total 19.404 20    
 







(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Non-Treated glass 1.44567 .85204 .629 -1.4637 4.3550 
Treated glass .60767 .85204 .989 -2.3017 3.5170 
Hydrophobic G.b. .51367 .85204 .996 -2.3957 3.4230 
Hydrophilic G.b. 1.01933 .85204 .884 -1.8900 3.9287 
Aldehyde .43233 .85204 .998 -2.4770 3.3417 
Extract .28200 .85204 1.000 -2.6274 3.1914 
Non-Treated glass Barley -1.44567 .85204 .629 -4.3550 1.4637 
Treated glass -.83800 .85204 .950 -3.7474 2.0714 
Hydrophobic G.b. -.93200 .85204 .920 -3.8414 1.9774 
Hydrophilic G.b. -.42633 .85204 .998 -3.3357 2.4830 
Aldehyde -1.01333 .85204 .887 -3.9227 1.8960 
Extract -1.16367 .85204 .810 -4.0730 1.7457 
Treated glass Barley -.60767 .85204 .989 -3.5170 2.3017 
Non-Treated glass .83800 .85204 .950 -2.0714 3.7474 
Hydrophobic G.b. -.09400 .85204 1.000 -3.0034 2.8154 
Hydrophilic G.b. .41167 .85204 .999 -2.4977 3.3210 
Aldehyde -.17533 .85204 1.000 -3.0847 2.7340 
Extract -.32567 .85204 1.000 -3.2350 2.5837 
Hydrophobic G.b. Barley -.51367 .85204 .996 -3.4230 2.3957 
Non-Treated glass .93200 .85204 .920 -1.9774 3.8414 
Treated glass .09400 .85204 1.000 -2.8154 3.0034 
Hydrophilic G.b. .50567 .85204 .996 -2.4037 3.4150 
Aldehyde -.08133 .85204 1.000 -2.9907 2.8280 
Extract -.23167 .85204 1.000 -3.1410 2.6777 
 396 
 
Hydrophilic G.b. Barley -1.01933 .85204 .884 -3.9287 1.8900 
Non-Treated glass .42633 .85204 .998 -2.4830 3.3357 
Treated glass -.41167 .85204 .999 -3.3210 2.4977 
Hydrophobic G.b. -.50567 .85204 .996 -3.4150 2.4037 
Aldehyde -.58700 .85204 .991 -3.4964 2.3224 
Extract -.73733 .85204 .972 -3.6467 2.1720 
Aldehyde Barley -.43233 .85204 .998 -3.3417 2.4770 
Non-Treated glass 1.01333 .85204 .887 -1.8960 3.9227 
Treated glass .17533 .85204 1.000 -2.7340 3.0847 
Hydrophobic G.b. .08133 .85204 1.000 -2.8280 2.9907 
Hydrophilic G.b. .58700 .85204 .991 -2.3224 3.4964 
Extract -.15033 .85204 1.000 -3.0597 2.7590 
Extract Barley -.28200 .85204 1.000 -3.1914 2.6274 
Non-Treated glass 1.16367 .85204 .810 -1.7457 4.0730 
Treated glass .32567 .85204 1.000 -2.5837 3.2350 
Hydrophobic G.b. .23167 .85204 1.000 -2.6777 3.1410 
Hydrophilic G.b. .73733 .85204 .972 -2.1720 3.6467 






































9.6.17: Comparison of EST PS11B04 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 8.994 6 1.499 1.213 .356 
Within Groups 17.295 14 1.235   
Total 26.288 20    
 





(I) VAR00001 (J) VAR00001 
Mean 
Difference (I-J) Std. Error Sig. 




Barley Non-Treated glass .94667 .90750 .935 -2.1521 4.0454 
Treated glass 1.07500 .90750 .889 -2.0237 4.1737 
Hydrophobic G.b. 1.02000 .90750 .910 -2.0787 4.1187 
Hydrophilic G.b. 1.03900 .90750 .903 -2.0597 4.1377 
Aldehyde -.77300 .90750 .974 -3.8717 2.3257 
Extract .79767 .90750 .970 -2.3011 3.8964 
Non-Treated glass Barley -.94667 .90750 .935 -4.0454 2.1521 
Treated glass .12833 .90750 1.000 -2.9704 3.2271 
Hydrophobic G.b. .07333 .90750 1.000 -3.0254 3.1721 
Hydrophilic G.b. .09233 .90750 1.000 -3.0064 3.1911 
Aldehyde -1.71967 .90750 .514 -4.8184 1.3791 
Extract -.14900 .90750 1.000 -3.2477 2.9497 
Treated glass Barley -1.07500 .90750 .889 -4.1737 2.0237 
Non-Treated glass -.12833 .90750 1.000 -3.2271 2.9704 
Hydrophobic G.b. -.05500 .90750 1.000 -3.1537 3.0437 
Hydrophilic G.b. -.03600 .90750 1.000 -3.1347 3.0627 
Aldehyde -1.84800 .90750 .436 -4.9467 1.2507 
Extract -.27733 .90750 1.000 -3.3761 2.8214 
Hydrophobic G.b. Barley -1.02000 .90750 .910 -4.1187 2.0787 
Non-Treated glass -.07333 .90750 1.000 -3.1721 3.0254 
Treated glass .05500 .90750 1.000 -3.0437 3.1537 
Hydrophilic G.b. .01900 .90750 1.000 -3.0797 3.1177 
Aldehyde -1.79300 .90750 .468 -4.8917 1.3057 
Extract -.22233 .90750 1.000 -3.3211 2.8764 
Hydrophilic G.b. Barley -1.03900 .90750 .903 -4.1377 2.0597 
Non-Treated glass -.09233 .90750 1.000 -3.1911 3.0064 
Treated glass .03600 .90750 1.000 -3.0627 3.1347 
Hydrophobic G.b. -.01900 .90750 1.000 -3.1177 3.0797 
Aldehyde -1.81200 .90750 .457 -4.9107 1.2867 
Extract -.24133 .90750 1.000 -3.3401 2.8574 
 398 
 
Aldehyde Barley .77300 .90750 .974 -2.3257 3.8717 
Non-Treated glass 1.71967 .90750 .514 -1.3791 4.8184 
Treated glass 1.84800 .90750 .436 -1.2507 4.9467 
Hydrophobic G.b. 1.79300 .90750 .468 -1.3057 4.8917 
Hydrophilic G.b. 1.81200 .90750 .457 -1.2867 4.9107 
Extract 1.57067 .90750 .609 -1.5281 4.6694 
Extract Barley -.79767 .90750 .970 -3.8964 2.3011 
Non-Treated glass .14900 .90750 1.000 -2.9497 3.2477 
Treated glass .27733 .90750 1.000 -2.8214 3.3761 
Hydrophobic G.b. .22233 .90750 1.000 -2.8764 3.3211 
Hydrophilic G.b. .24133 .90750 1.000 -2.8574 3.3401 









































9.6.18: Comparison of EST C01157 expression on treated surfaces 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 8.494 7 1.213 .991 .471 
Within Groups 19.584 16 1.224   
Total 28.078 23    
 






(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
Barley Wheat 1.44733 .90332 .743 -1.6801 4.5748 
Treated glass .91733 .90332 .965 -2.2101 4.0448 
Hydrophobic G.b. 1.29033 .90332 .832 -1.8371 4.4178 
Hydrophilic G.b. 1.32767 .90332 .812 -1.7998 4.4551 
Aldehyde 1.13900 .90332 .900 -1.9884 4.2664 
Extract 1.97367 .90332 .408 -1.1538 5.1011 
Monomer 2.00967 .90332 .387 -1.1178 5.1371 
Wheat Barley -1.44733 .90332 .743 -4.5748 1.6801 
Treated glass -.53000 .90332 .999 -3.6574 2.5974 
Hydrophobic G.b. -.15700 .90332 1.000 -3.2844 2.9704 
Hydrophilic G.b. -.11967 .90332 1.000 -3.2471 3.0078 
Aldehyde -.30833 .90332 1.000 -3.4358 2.8191 
Extract .52633 .90332 .999 -2.6011 3.6538 
Monomer .56233 .90332 .998 -2.5651 3.6898 
Treated glass Barley -.91733 .90332 .965 -4.0448 2.2101 
Wheat .53000 .90332 .999 -2.5974 3.6574 
Hydrophobic G.b. .37300 .90332 1.000 -2.7544 3.5004 
Hydrophilic G.b. .41033 .90332 1.000 -2.7171 3.5378 
Aldehyde .22167 .90332 1.000 -2.9058 3.3491 
Extract 1.05633 .90332 .930 -2.0711 4.1838 
Monomer 1.09233 .90332 .918 -2.0351 4.2198 
Hydrophobic G.b. Barley -1.29033 .90332 .832 -4.4178 1.8371 
Wheat .15700 .90332 1.000 -2.9704 3.2844 
Treated glass -.37300 .90332 1.000 -3.5004 2.7544 
Hydrophilic G.b. .03733 .90332 1.000 -3.0901 3.1648 
Aldehyde -.15133 .90332 1.000 -3.2788 2.9761 
Extract .68333 .90332 .993 -2.4441 3.8108 
Monomer .71933 .90332 .991 -2.4081 3.8468 
 400 
 
Hydrophilic G.b. Barley -1.32767 .90332 .812 -4.4551 1.7998 
Wheat .11967 .90332 1.000 -3.0078 3.2471 
Treated glass -.41033 .90332 1.000 -3.5378 2.7171 
Hydrophobic G.b. -.03733 .90332 1.000 -3.1648 3.0901 
Aldehyde -.18867 .90332 1.000 -3.3161 2.9388 
Extract .64600 .90332 .995 -2.4814 3.7734 
Monomer .68200 .90332 .993 -2.4454 3.8094 
Aldehyde Barley -1.13900 .90332 .900 -4.2664 1.9884 
Wheat .30833 .90332 1.000 -2.8191 3.4358 
Treated glass -.22167 .90332 1.000 -3.3491 2.9058 
Hydrophobic G.b. .15133 .90332 1.000 -2.9761 3.2788 
Hydrophilic G.b. .18867 .90332 1.000 -2.9388 3.3161 
Extract .83467 .90332 .979 -2.2928 3.9621 
Monomer .87067 .90332 .974 -2.2568 3.9981 
Extract Barley -1.97367 .90332 .408 -5.1011 1.1538 
Wheat -.52633 .90332 .999 -3.6538 2.6011 
Treated glass -1.05633 .90332 .930 -4.1838 2.0711 
Hydrophobic G.b. -.68333 .90332 .993 -3.8108 2.4441 
Hydrophilic G.b. -.64600 .90332 .995 -3.7734 2.4814 
Aldehyde -.83467 .90332 .979 -3.9621 2.2928 
Monomer .03600 .90332 1.000 -3.0914 3.1634 
Monomer Barley -2.00967 .90332 .387 -5.1371 1.1178 
Wheat -.56233 .90332 .998 -3.6898 2.5651 
Treated glass -1.09233 .90332 .918 -4.2198 2.0351 
Hydrophobic G.b. -.71933 .90332 .991 -3.8468 2.4081 
Hydrophilic G.b. -.68200 .90332 .993 -3.8094 2.4454 
Aldehyde -.87067 .90332 .974 -3.9981 2.2568 

















9.7: Unisequences related to ESTs. 
All unisequences are taken directly from the COGEME („Consortium for the Functional 
Genomics of Microbial Eukaryotes‟) hosted on http://cogeme.ex.ac.uk/ 
 
9.7.1: EST Clone Library Identifier D00972. 
UniSequence: 
 
  1 CGATGAGAAG ATTATGTGGA GGCGATCTTC TTACAAAAAG ACTCAGNGCG CCGAATCGGG 
 61 ACGGGTTAGA TCAAGCACAA CGTCTTAATG TTAATTCATG GAGTCAAACT CGAAAGTATT 
121 CCACCCTCAA GAATATTATA CCCGGATTTG CGGCGCTTTG ACTCTAATGA TCAGGATAGC 
181 TGGTTCAGTG GCATGATAGA CCGTTGGCCT GAGTAACATA AATGTCTAGA AACATTGAAA 
241 TTGGGATCAA AGCTTTCTTT TATCAAGTAG TTTGGCTTGA TGTAGATAAT TTTGACTATA 
301 TAATTTTATG AAGGACTTTT GCTCTGTAAC ATCCGATACT GACAATGTTC CTCTTACACT 
361 TCCATCTCTA AAATGTTACG TAGCTACTGT ATATGGTCTT AAAAAAAAAA AAAAAAAA 
 
9.7.2: EST Clone Library Identifier D00658. 
UniSequence: 
  1 TAAAGTAACA TGTCCAGTAT TAAAATGGGA TAATTGCGTA ACCTAAGGTG AAAATTATCA 
 61 TTGGGCGTAT CCTCGTATTT ATACATTATT ATTCCTTTTC CCTGTGCTTT TCTCCAATCC 
121 TAACCCCCTT CCTAACGCCT GATTAAATAA TCAAAATATA GCTTTGCCAG AAATTATTTG 
181 ATGTCTTTAT ACTGTGACTC TTCACACCTT GATCCACAAG CTTAAAACAC CCTTGGCGTA 
241 CTCAAGAATT TCATCACCGC CAAGTTTGCT TTCTCCATAA AGGCGATCGA CGAATGTGAT 
301 TGGAACCTCA GCGACAGTAT ATCCCATGGC CTTAGCCACG TACCATCATT TCCATTTGAA 
361 AGGNATATCC TTTACTTTCT GNACTTTCAA TGGATCTTTT TCAAGACAGC ATACTTATAT 
421 AGCCGAAAAC TTTCTG 
 
9.7.3: EST Clone Library Identifier C00009. 
UniSequence: 
  1 TAATAATTGT ATTTCAAGTA TTAAAATATC TATCATCATG CAGACATTCG GAGCAGTTTT 
 61 CGTGGCAGCA CTCATCGCCC TCTCTGAGGC AGCCCGCCTT ACAAACACAG CCGACCAATA 
121 CAGTGATGTG AAGGCTGGAC AGCCATACAA GATAACATGG GAGAACGCCG CAGGACCTGT 
181 TACAATTCTT TTGAAGAATG GACCATCTAC CCACCTACAG ACCGTTTCTA CCATTGCTTC 
241 CGGCCAAACT GGAAACTCCT ACGAATGGAC TCCACCATCC ACCCTCAAGA CCGATAAATA 
301 TGCTTTCGAA ATTACTGACT CTGGAGAGCC AAACTACTCT GTACAGTTCA CCATCACAGG 
361 TGATGACACC CCAGACCCAA TGACTTCGTC TCAACCAATC CGTGCAACCG GAACTGGATA 
421 CCCAGTCCCA TCCGGAATGA GCAGTTACAC TTCGAGAGTA TCAAACGCAA CTTCTACTAT 
481 GACTGGTACC TACCCCACTG GTTCAGGTGG ATACTCAGGA GGCCCTTCCA ACACCACTGT 
541 TCCCCATGTG TCATCCACAT ATATGACCTC CACCATTGCT GCAAGCCCAA GCTCGACGAC 
601 AGTACCTGCT GATGCCAACA ACGCAAACGG AATCTCTTCA CCACTTGCAC TCGTCTTTTC 
661 GACTTTCTTT GCATTTATCT TCCTTCACTA AAATCGCATC GTGTGAATAG TTCTAGCTTG 
721 GCTTACAATG AATATAACTG TCGTTTCAGG ATAAATTACC TTCTTCGTGT CTATTGTTAA 
781 ATAATTTATA TGGTTGCGTT TGAGAATGAT TGGAGAAGTG GGGGCTGTAA ATGTAATGTG 
841 TTTCATGCAA GCGAATAATC ATTCAAACGC TGTGCCACTG TATTATAAAG ATATGAAACA 
901 ATCACGTCAT ATTGTTATAT AGAATTCTTG AAATTTACAA ACAATCARWA RMAAAAAAAA 
961 AAAAAAAAAA  
 402 
 
9.7.4: EST Clone Library Identifier D00881. 
UniSequence: 
  1 CTACAACATG CTTTCGTTCC GCCAGGCGTT CGTTGGTGCT GTTCTAGTTC TCACTGTACT 
 61 TTACTTTACC ACACATACTC ACCCGTTAGT ATCCCGGCGA TCATCTGAAA GCCGAAACAC 
121 CGAAGCCGAC CCGAATGATT CAATTAATAT TACCGCCCTC CCGACTCCCA TAACGACCGA 
181 TGGCAACAAA GCAGCTGGCT CTCAGAAGCT TTTAATCGAT ATGTCACAGG CGCCCCTCAG 
241 AGAAAAACTT GCATATCAAT TTCCCTACGA CGTTGAGGCT AAGTTTTCCT GCCTACATAT 
301 GGCAAACCTG GAAATTTACA CCTGCATCGG GAGATTTTGA CGAAGAAATT CCGGGCTTCT 
361 GAGGCATATG GGAGTGAAAA ACATCCTACT TTTG 
 
9.7.5: EST Clone Library Identifier D00944. 
UniSequence: 
  1 AGGATTCTAT GTGCTAATGG GTTCGGGCTC CGGACTCTGA TCGCGATAAA GATTTACCAA 
 61 CCATAAAATT TGATGAGCCA ATGGAAATAG CAGCTACAGT GCTAGACAGC CAAATGATTA 
121 TGAGAAAAAC CGTGAAGATG AAGGAAATGG CATTAGGTTG GAATCAGGGT AAACTGCAAG 
181 TATTTTCGCG GGAGGTGGGG AATCACTGGA AGCAGGAACC ATCTCATTTT GAGGAGCCAT 
241 CTTTAGGATG GATCATATCC GAATTTGTCA GGAAAGGTAA TGCGCAAGTA AGGGATTTTG 
301 TGAATAAATT CGACACACGA TATCATCATA AAGAGTATGC GTCTGAATGG ATCGGGGTCC 
361 GGAGGACAGT TTCCCATGGC CTTGAAACCT ATCGCGAGTT CAGACACAGC AAGCTGCATG 
421 TAAAGTTGAG GAAATTTAGT CCCACACCGG CGGACGGCTA TTTGGATGAT GTCAAATTAC 
481 GTAAGCTGTT CGGCATATAT TAGAATTAAA GTTCCTATTG CATAAAAAAA AAAAAAAAAA 
 
9.7.6: EST Clone Library Identifier PS11B04. 
UniSequence: 
  1 TCCGATANTC TNAACTTTGC ACATCTCAAA GACATTTATT GGCTTAATAC TTATGGCCAA 
 61 TCGTCGGAAA TGCCGGTGAA CACGCCACAG CAGTCGTTGT TGCAGTGAAA GACAAAATGG 
121 ACCTAGCCAT GGGTGTTGCT ATTGGTAGTT CGTTACAAAT CGCTCTACTA GTTACACCTA 
181 CATTAGTTAT CCTTGGATGG ATAATNGGTC AGCCATTANC TCTTCACTTT GAAACATTTG 
241 AGACCATGGT TTTTTTCTTA AGTGTTTTGG TAGNGACATA CGTTATCCAG GANGGNNGGG 
301 ANCANTTATC TAGAGGGNGC TATGTTACTC GGATTATNCA TGATAATNGC ACTANCTTTC 
361 CTACTATATC CTGACGACGC AGGANATATT GTACTANACT CACCGCTAGT GATCAAAAGG 
 
9.7.7: EST Clone Library Identifier C00482. 
UniSequence: 
  1 CCGAGGGCTC TACTCCCAGC TGCTGTCGCA TTAGCGTCCC TGGTGCTCGC TGTACCTCTA 
 61 AAAGCGTCAG CTAGCTTTCG ACTTCAACAA CCAGAAGTAC GTGGTGTCAA CCTCGGCGGC 
121 TGGTTTGTGC TCGAGCCGTG GATCACTCCA TCCATATTCC AGCAATGGGC CAATGGTGGA 
181 ACCTTATAAA TAGTATTCAT ACACGGCAGC ACTTGGAAAA GATGAAGCAT TCACGCGTCT 
241 AAACAATCAT TGGGCAACAT GGATAACCGA GAAGACTTCC CCAAAATAGC ATCAATGGGC 
301 CTGAATCACT TTAGGATCCC ATTGGATACT GGGCTCTATT CCCCTTCCCC AATGATCCAT 




9.7.8: EST Clone Library Identifier D01244. 
UniSequence: 
  1 GGCCGGTCTT TCAGCAAGAT TATTTACGTC GGTCACTGGT ACGGTTCCCT CATCGGCAAT 
 61 TTACACGCTG TCAAATACCC CACATCCGTC GACTCTTACG TACTCACCGG CTTTTCCAAA 
121 AAAATTAGAC CCTCTCTCCT CCCAACAGTG ATTGCCGGTG YCTTCTTACC TGCAACCATT 
181 GCCTACCCAG AAAGATGGGC CGGACAAGCC CTTACTTATT TTGCCGCTTC AAACGAGAAT 
241 GGAGCAAATG GCCTTTTTTT CGTTAACGAT ACAGTCGACC CTGAACTAAG AGAACTAAAC 
301 TACCGTCTCC GCGGCACCGT CACTGCTGGC GAGTTTCTAA CTGGCTACGA AAGCACTCAG 
361 GTTGCCAGAA ACTATCGTGG TCGAGTATTT GTCCTTACTG GTCAGAACGA TGCCATCTTT 
421 TGTTCACCAG ACAGTTTCGG ACAAGGCACA TTAAATGGAC AGGGTGACTG CGGAAGTGGA 
481 GAGGATAGCA TTATTGCCCA GACTCAGGAC TTGTACCCAG CAGTTGCTAA CTACGACTAC 
541 GACACCCCTG AGAATATCGG ACATTGCAAT ATTTTACACA TCGGTGCAGT CGACCAATTT 
601 GCCACTGTGC ACGACTGGTT AGATCAGTTC TATTAGGAAT GAGGGAAAAG TTGAATATAG 
661 TGGGCTTTAC CTGAACTTGG CACGATTATC ATAAGTTACA AAGATGTCCT TGGGGCTCTC 
721 TTTGGTGTAG GGCGTTTAAT CGATTGATTG GAACAGATTA CGTGGATATC TTTAGTTCGG 
781 GTCTTCTATC TTGCCTTTGC TTCACTTTTT TTACCTTTCT ATTATCACCA ATTGGTGTAA 
841 ACATCTATCT GACATTCTAA CTTAACTGTT AACTTTAATG TCATATAATT ATTATACAAT 
901 CTAAAAAAAA AAAAAAAAAA AAAA 
 
9.7.9: EST Clone Library Identifier C01417. 
UniSequence: 
  1 TAGAAGCGCG ATATGGCAGG CTTCACCGCT TGCCCTCAAC TACGCCGGAT GCTGCTCTCA 
 61 ACAAAGGTCC AATAATCGAT CTTGGCACAG GAGGTGGTGG TTCCGGCGTC GGAATAACAG 
121 TCAAGCCAGG AGTAGTTGCA TAAGGGCTGG CCCATCCTCT TCACTTCGCA GAATTCCGGG 
181 TGCTTGGAAA TCGTCGCGCT CGCCTTCAAT GTTGTCTATA TAAATATAAC CCAATACCAA 
241 AACCCTTGAA CGGTTCATGG GGCAGTAATT CACGTGCGCA ATAGTTCCCG CTCGTTGGCC 
301 ACGGTTTAAA ATTGGGATAA TGGGTCTAGC TGGTGTTTCG GGTCATGACG GGATTATGCA 
361 TTCATTTATA TTACATTACA CACTATTCAC TCTTACAGGA GAATTCTTCA ATTCCAAGAC 
 421 CTAATCCTAA CAAAAAAAAA 
9.7.10: EST Clone Library Identifier C01157. 
UniSequence: 
1 TTTTTTTTTT TTTTTTTTTT TTTTTTTTTT TWTYWWTTTT WKTTKYYWTT KKTWWWYTWT           
61 TCACTCGATC TCGTTATTAT TCAATGAGAG CTAAAAGGGC TATGATACTA TAATTTTACA       
121 AGACTGGTAA TTTTGTACCA GAACATGATC TACAATTCAT CGTGCTCTTC TACCTTCTCC    
181 TCCGATCCAA CTTCAGAAGT AGTATCAGAA GTTGTTTCAG AATCAGATTC AGTAGACTCT    
241 TCTGACGTAG AATCAGATGA ATCTTCTTCA AACATTTCAC TCATTTCATC TTCGTCAATC    
301 TCGATCGGCT CTAGATCTTC TTCTTCTTCT TCTTCCTCCC CTTTTTTGGG CTTCTAGCTT    
361 GTCTTTCATT TCCTTGGTGT ATTCGACTGA CAATTGGTGT TTACCTTCCT TCACGAATTC    
421 GATGAGGTCT TCGACAGTAC GACCACCTTT GAAAGTTGAT TG 
 
9.7.11: EST Clone Library Identifier C00148. 
UniSequence: 
  1 TGGAAAGATC AATCCAATTG AGCTAATTTA GCTAGCGTGT CTATGAAAAT ATGTGTACCG 
 61 TAATGCCATC CCCGTACAGA CAAAGCCTAA GATCTAGAAA AAAGCAAATT TTGAATAATA 
121 TTTCCAGCGA ATATAGGGTA TTAATAATAT GTATGACATC CGCTACTAAA ACTTCGCGGG 
181 TTCTTTTCCC AAAAAATGAA TGACTCCTTA ATTCCCAGGA ACAAGACACT GTGACGTACC 
241 ACATTGGCTA GGTACTTTTC GCGAATCCAA GGGCTGTGGG AATTAATCCG GCCCTGGTTA 
 404 
 
301 AATTTTGGGA AATGCCATTC CAGGTGCCCT CTCCGTCTTC CCAGTCCAGA AAAAACCACC 
361 CTGTGTTGCC GACCCATAAA CCTTCT 
 
9.7.12: EST Clone Library Identifier D00189. 
UniSequence: 
  1 GGTCAGTCAA GCGGACATCC AAGAGGTATC ATCAGTCCCA TGTACTCATA AACATCAAGC 
 61 CAAGAATCAC AATGGACGCC ATCGGCAGAG AAAGGTAGCC TAGCTAATGT CCGGCCACAA 
121 GACCCTCCAC TCAAGTTTGA AAAACAAGAG TCACCAGTCA CACTTCTTGG AACCCGGAAT 
181 GCTACCAATG TACATTTTGG CTCGATAAAT CTACACTTCA TCTTTCAAAC TCACAAGCAT 
241 CGGGCCGGCC AATTCCTGAC GGCTTATATC AGCTTGATCG GTTTCAGGGC TACTGGCTTC 
301 TCCGCCACAA TATGTGAATT AGAATACCAT GCGCGAGTGA ATAGTGTTCA TCATCATCCA 
361 TGACACGGGT CCTTGGATCA TTCCGGTGGA GAGGCTGTTA TCAATCGACC TCCAATTCTC 
421 TATTTCATCA TGGGAAGCCG GCCCTCGGAC ATTCAGCCGT CGACCATGAA CTAGATGCCT 
481 CAAGGTCGGT TCATCAGTCG CTTTGGGAGA AAACGAGGGA TTAACAGGTG CCGKTGATGT 
541 CCACAAAGTG GCATCACTCA TTGTCAGCGC GTATGCCTGA ATAGAAACGC TTCAATCTTT 
601 GTCGCTGGAC GCATTCCTTT GGATCCTAAA GCTCCAATTA CGCTCCTCGA CAGTCGCATC 
661 TTGATGAGGG AGTCGAACTA GGTAGACCCT GCACTAACAT GTCATATAAA ATTCCTGGCC 
721 TCGAGCACGG ATGTGATCAG CGGACATACT CACAATAGAT TTCTCCCATG CACATTTGCC 
781 TCTCACATTC ATGACCCTAC TCTTGGGCGA AGATTCAAGA TCCAATCAAC AATGTCATAC 
841 AGGAATTTTT GGGGATAGTA CTTTCAGTGG AAATTTAATA GTTGGTTTTC GCCACGTCAA 
901 CTGCGTCCCG GACCTAGTTG TGCAAATGAG TGGATTTGAT TAGAAGTTTG ATGTATTATC 
961 TCTAGCAAAA AACCTACCTC TCAATTCTAA CCCTCCATGC AG 
9.7.13: EST Clone Library Identifier D00471. 
UniSequence: 
  1 ATCTCGACTC TTCCATCATT AATTTACAAA GTATTCTTTC AATCTTTTAT CACTATCAAT 
 61 ATGGCAGCCC CTGCATCTGT TACTATCAAG GATCTTACAG GAAAATGGAC CATGGATAAA 
121 AAGTTATCTA CACCACCAGA GCCCTCCCTC ACTCTTCAGG GAGTCGGCTG GGTTAAGCGC 
181 AAGGCAATCA CTAACGCCAC TATTGCTTTG GATATAAAAC AGTACCTCGA TGCATCTAAC 
241 CTAACCCACA TTGATATCAA ACAAACCGCA AGCGGTATCC CAGGAACAAC CGAAACAAGA 
301 GTGCTCGACT TCGAAAAAGT AAAACACTCT GATCACGTAT TCGGTGACGT AGAGGGACGC 
361 TGTCAATGGA TCACTTTAGA AAAGATTGCT GAACCGCTTC CGGAACACAC TAGCACTGCC 
421 GAAGAAGTTG AATTCCTTTC AAAAGGTTGG ATTTGTGATG CATCTGAAAA TGGCGGCCCA 
481 AACGGGGAAA GACACATAGA CTCATACGTA CAAAATGACA CCAACAAATG GTTGGCGCGA 
541 CAGATTTGGG GATTCGCTAT GATTGAAGGC CAACGCCGAT ACGTGCGACG CGTGATTCTC 
601 AAGAAATACG AGCCCAAGTC TAAGGATGAT ATCTTATTCG TCACCCTAGT ATACAACTAC 
661 GACTCTTAAA AAGGAAAAAT GATTTCTTTT GTTCAGATAC AGATAATGAT CTACACAATA 
721 TGTAGATTGA TTGGATATAA GACCGGGCAA ATTTTTCCCT ACGACGAACT TTCCACTTAT 
781 ATACTAGTTG CTGCAGGACA GATAGCAAAC TAAACAAGTT AAATATATGC AATAAATTAA 
841 AGAACTTCAA AAAAAAAAAA AAAAAATCGA CAGTGCTCTA GCTAATACCC TTAGATACAA 






9.7.14: EST Clone Library Identifier C00506. 
UniSequence: 
  1 TCAGACCTCT GATGGAAGAG TTATATTTTT TCTGCCATGG CAAGGAAATA CTATTGCAGG 
 61 TACCACAGAC GCACCGACGA GCATATCTCA CAACCCGGTA GCAGCGGAAG AGGATATCGA 
121 TTGGATTCTC TCAGAAATCC GTCATTATCT ATCATCAGAT ATCAACGTCC GTCGCAGCGA 
 405 
 
181 CGTACTGGCA GCTTGGTCTG GCATAAGACC ACTCGTTAAA GACCCTAATG CAAAGAATAC 
241 AGAATCCCTC GTCCGAAATC ATCTGATTAA TGTATCTCCA TCTGGTCTCT TGACCTGCGC 
301 AGGTGGAAAG TGGACAACCT ATCGCCAAAT GGCTGAAGAA CTGTAATGAA GCTTTAGTAC 
361 TAACCCGATT ACAGTGACAG TATCG 
 
9.7.15: EST Clone Library Identifier D00563. 
UniSequence: 
   1 CCAATAACGT TCACTGCTTT CGTTAAGGTT GATAACATTC TTTTAGTCAA TCTCTATTTA 
  61 CCACGCAATT CCACCTCTTA GCCATGGTGC TCCTCAAAGC AGTTTCACTC TTTACCATTC 
 121 TTGGGAGCAA ACATCTAGCT ACCGCCTTCG TCGTCCCCGC ACAGCAGTCC TTAGAGACTG 
 181 AGAATTCCAG TAACAAATAC AACCAAGACA ATAATGATCC TCTTCCACTC ATCATCTGGC 
 241 ATGGCTTAGG AGACAGTTAT GCATCTGATA GCCAGGCTTC CGTTGCCGCC GTCGCCCAAG 
 301 CCGTCCATCC AGGAACTTAC GTCTATCACA TTAGGCTCAA CGATGATGCT AATTCCGATC 
 361 GCAGCTTATC ATTCTTCGGG AACGTCAGCT CACAAATTGA ACAAGTATGC GCCGATTTAG 
 421 CATCCCACCC TATCCTCTCA ACGGCCCCAG CGGTCGATGC ACTTGGCTTC TCTCAGGGCG 
 481 GTCAATTCTT ACGCGGTTAC ATTGAACGAT GCAACAACCC ACCAGTTCGT TCTCTTGTTA 
 541 CCTTTGGAGC GCAGCATAAC GGCATCAGCA AGATTGACGT GTGTGCGCGT ACAGACCTTC 
 601 TTTGCAAGAT CGCATTGGGC GTAATTCGTT CCAACACGTG GTCCTCATTT ATCCAGTCTT 
 661 ATCTAGTACC TGCTCAGTAT CTTCGCGATT CCTCGTCTCC AGAGGCTTAT GAACAGTATC 
 721 TAGCCAATAG TAACTTTCTC GCCGATATCA ACAACGAGCG TTCCGTTAAG AACGACATGT 
 781 ACAGGAGGAA CATGGCGCGT CTAGAACGCT TTGCCATGTA TATATTCCAA GATGATGAGA 
 841 CTGTCGTTCC AAAGGAGTCT GGTTGGTTTT CTGAAGTAAA TGGCTCTAAA GTTTCGCCGT 
 901 TGAGAGAGCA ACTGATGTAC AAAGAAGATT GGTTGGGTTT ACGTGCCTTG GATGAGAAGG 
 961 GTGCACTACG CTTTGAAACA TCGCCAGGCT CTCACATGAA ACTCAGCAAC AGCGTGCTAA 
1021 AGAAGGCCTT TGAACAAAAC TTTGGCCCCT ATGGTAGGAA ATTCGAGGGA TTGATGGGTC 
1081 AATGGGAGTT GTAGTTATTA GTCACAGTTG CATATTCAAC GCTCAGTTGC TGGTATCAAT 
1141 AAATTTTTTT TCTGGTTCAA AAAAAAAAAA AAAAAAAWWM TCTCACCAAT  
 
9.7.16: EST Clone Library Identifier C00606. 
UniSequence: 
  1 AAACCTCGGA GCTATGACGA CACAACCTTA ATAACTCCAT TTCCGGAGCT AAATTATAAG 
 61 CGTAATTGAA GTTAATTTCC TAGCGACGTC ACCGCGATCA ATATTCTGGA CGGAACTTCT 
121 CACAGCCTTC ATAATATCGG GTCTCTAGAG CCTTGAAAGT AGCATTTTCT GTCTCGAAAT 
181 CATATGGTCC ATTTAGGTGA CTCCAACTCG AGTCATATCA CATTTCAAAA TCAGCATGAT 
241 GAGAAATCCC TTACTATTAC AATAATACAC ATACTTCGAC AGGAGCATCT AGAGCGTTAT 
301 ATCCCGATAG ATTCCGTCAC ACTAGTCCTG GGCCCTCGGT CTAAATATCC TTGACCTCTA 
361 CCACCACTGC TGCTGTTTCC ATAGTGACCG GGAAATGCTC 
 
 
9.7.17: EST Clone Library Identifier D01260. 
UniSequence: 
  1 GCTCTACAGG GTATGGGTGC TCGTGTCTTA GTCACAGAGG TTGACCCGAT AAACGCCCTC 
 61 CAGGCTGCTG TATCCGGTTT CCAAGTCACC ACAATGGAGA AAGCTGCCAG TGAAGCTCAA 
121 ATATTTGTGA CGACTACAGG TTGCCGTGAT ATTTTGGTTG GAAAGCATTT CGAAGCTATG 
181 CCTAACGATG CTATCGTCTG CAATATCGGC CATTTCGATA TTGAAATTGA TGTTGCTTGG 
241 TTGAAGGCTA ACGCACAGAG TGTTCAAAAC ATCAAGCCAC AAGTCGACCG ATTCTTGATG 
301 AAAAACGGTC GCCACATTAT TCTTCTTGCT GAGGGTCGCC TTGTGAACTT AGGATGCGCA 
361 ACCGGCCATT CTTCTTTCGT CATGTCATGC TCTTTCACAA ACCAAGTTCT CGCACAGATT 
421 CTTCTATTCA AAGCCGAGGA CCCTGTATTC GGCAAAAAAT ACGTTGAATT TGGCAAAACC 
481 CAGAAGCTAG AAGTGGGTGT ATACGTCCTT CCTAAGATTT TGGATGAAAC TGTAGCTTTA 
 406 
 
541 CTTCACTTGG CTCACGTCAA CGCTGAGCTT TCAAAACTCA CTCACGTCCA AGCTGAATAT 
601 CTAGGCCTTG ATATCGAAGG TCCATACAAA CCAGACTTGT ACCGCTACTA AGAACAAAAA 
661 TTCGGAGACC ACCTCGAAGA TGGTAATGGG AAAATTGGGA GCACTGCGAT TTTGCAGGGA 
721 GCTAAATTGG TTAACGGAGT TCGAGGATAA TACTAGTGAT GGAAACACTT AAAAGAATTT 
781 GAATTTAGAT CAAGTATCCA CCAGTGTATG TCAGAAATTT TTGCAAAGAT GACATACGAA 
841 TAAAAAAAAA AAAAAAAAAA AAAAA 
9.7.18: EST Clone Library Identifier D00403. 
UniSequence: 
  1 CACGATCAGG CATTTTCTAA TAACACGGGG TTCTTGGCTT CACATATAAT TACTTACATA 
 61 CCATCTTTGA CCGTGAACAT GCACCATATC TCGTCTTAAG AACCTGGCAT TATGCTCRTT 
121 GMCGGSMSMS YMCTTTGGCA CGTCAAGCCA TTTGGCTGCG CCAGGGCGTC CTCAACTCAA 
181 CTCATTCGCC TCTATCAGCC ACGGTATGTG TCAATTCCAT CCGAAGATTA GCGACTCCCT 
241 CTGGCCCGCC ATCCGCAAGG TTTCGATTAC CACGACCGGA AAGGTGGGAT GAAAGCAAAG 
301 AATCGGCCTT GGACAAAGCT GGGAAGTATT TTCTAATGAC AGAAATGGTG CGTGGAATGT 
361 ATGTTGTGTT GGAGCAATAT TTCCGACCTC CATACACCAT CTATTACCCA TTTGAAAAGG 
421 GTCCAATTTC GCCTCGATTC CGTGGGGAAC ATGCTCTCCG AAGATATCCA TCAGGAGAAG 
481 AGCGTTGCAT AGCATGCAAG CTCTGCGAAG CGATATGCCC TGCCCAGGCT ATTACCATTG 
541 AAGCAGAGGA GCGTGCAGAC GGTAGTAGAA GAACAACGCG ATATGATATA GATATGACTA 
601 AGTGTATCTA TTGTGGTTTT TGTCAGGAAA GCTGTCCAGT GGACGCAATT GTGGAGTCAC 
661 CGAACGCAGA GTATGCYACT KAAACTAGAG AAGAGCTACT ATATAACAAA GAGAAATTAT 
721 TGGCTAATGG AGATAAATGG GAGCCCGAGA TTGCTGCAGC GGCTCGAGCA GATGCACCAT 
781 ATAGATAATG CATAGAAAGG GAACTGTGGG GCAATTCATG TATCAAAAAT TTCAGATCTC 































9.8: Protein Sequences of Genes Exhibiting Significant Effects to 
Stimuli. 
 
9.8.1: EST Clone Library Identifier C01417. 
Genome annotation: >bgh01761_mRNA  




Predicted weight: 14.5 kilodaltons 
 
Interpro scan results: 
 
 
    
InterPro               
 method   AccNumber           shortName                     Residue location 
SignalPHMM   SignalP-NN(euk)   signal-peptide                  ?[1-17] NA 
TMHMM         tmhmm             transmembrane_regions           ?[5-25] NA 
 
 
9.8.2: EST Clone Library Identifier C00482. 
Genome annotation: >bgh00086_mRNA  






















Interpro scan results: 
 
 
   InterPro       IPR001547      Glycoside hydrolase, family 5 
Molecular Function: hydrolase activity, hydrolyzing O-glycosyl compounds 
(GO:0004553), Biological Process: carbohydrate metabolic process (GO:0005975) 
 
method         AccNumber      shortName                           Residue location 
HMMPfam        PF00150        Cellulase                               T[81-315] 
1.2000000000000005E-17 
 
InterPro       IPR013781      Glycoside hydrolase, subgroup, catalytic core 
Molecular Function: catalytic activity (GO:0003824), Biological Process: 
carbohydrate metabolic process (GO:0005975), Molecular Function: cation binding 
(GO:0043169) 
 
method         AccNumber      shortName                           Residue location 
Gene3D         G3DSA:3.20.20.80Glyco_hydro_cat                         T[29-417] 
0.0 
 
InterPro       IPR017853      Glycoside hydrolase, superfamily 
method         AccNumber      shortName                           Residue location 
superfamily    SSF51445       Glyco_hydro_cat                          T[25-421] 
2.8999780742318652E-123 
 
InterPro       NULL           NULL 
method         AccNumber      shortName                           Residue location 
HMMPanther     PTHR10551      Fascin                                  T[69-273] 
1.29999924468179E-28 
HMMPanther     PTHR10551:SF6  PTHR10551:SF6                           T[69-273] 
1.29999924468179E-28 
 
9.8.3: EST Clone Library Identifier C00009. 
Genome annotation: >bgh05886_mRNA  

















InterPro       IPR018466      Cell wall beta-glucan synthesis 
method         AccNumber      shortName                            Residue location 
HMMPfam        PF10342        Drmip_Hesp                              T[30-103] 
5.4e-11 
 
InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
SignalPHMM     SignalP-NN(euk)signal-peptide                          ?[1-18] NA 
TMHMM          tmhmm          transmembrane_regions                   ?[198-216] NA 
 
   
9.8.4: EST Clone Library Identifier D00881. 
Genome annotation: >bgh02742_mRNA  









Predicted weight: 41.38 kilodaltons 
 
Interpro scan results: 
 
 
   
InterPro       IPR007577      Glycosyltransferase, DXD sugar-binding motif 
method         AccNumber      shortName                            Residue location 
HMMPfam        PF04488        Gly_transf_sug                          T[116-198] 
5e-13 
 
InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
 410 
 
SignalPHMM     SignalP-NN(euk)signal-peptide                          ?[1-24] NA 




9.8.5: EST Clone Library Identifier D00944. 
Genome annotation: >bgh00413_mRNA 








Predicted weight: 38.19 kilodaltons 
 




InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
SignalPHMM     SignalP-NN(euk)signal-peptide                          ?[1-16] NA 
 
 
9.8.6: EST Clone Library Identifier D00658. 
Genome annotation: >bghT007426000001001  




Predicted weight: 19.08 kilodaltons 
 




InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
 411 
 
HMMPanther     PTHR10859      GLYCOSYL TRANSFERASE                    T[1-120] 
6.7e-49 




Paralogs to Protein sequence associated with EST D00658: 
  
Genome annotation: >bghT008100000001001  






Predicted weight: 25.28 kilodaltons 
 




InterPro       IPR001173      Glycosyl transferase, family 2 
method         AccNumber      shortName                           Residue location 
HMMPfam        PF00535        Glycos_transf_2                         T[9-174] 
6.3e-26 
 
InterPro       NULL           NULL 
method         AccNumber      shortName                           Residue location 
Gene3D         G3DSA:3.90.550.10no description                        T[7-215] 
9.3e-22 
HMMPanther     PTHR10859      GLYCOSYL TRANSFERASE                    T[1-228] 
7.3e-97 






Genome annotation: >bgh00800_mRNA  






Predicted weight: 23.05 kilodaltons 
 






InterPro       IPR001173      Glycosyl transferase, family 2 
method         AccNumber      shortName                            Residue location 
HMMPfam        PF00535        Glycos_transf_2                         T[3-148] 
1.2e-21 
 
InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
Gene3D         G3DSA:3.90.550.10no description                        T[4-190] 
7.5e-19 
HMMPanther     PTHR10859      GLYCOSYL TRANSFERASE                    T[4-207] 
3.3e-88 





Genome annotation: >bgh00799_mRNA  




Predicted weight: 15.99 kilodaltons 
 




InterPro       NULL           NULL 
method         AccNumber      shortName                            Residue location 
HMMPanther     PTHR10859      GLYCOSYL TRANSFERASE                    T[2-141] 
3.9e-54 









The following protein sequences were generated by inserting the EST sequence into the 
„ORF Predictor software‟ hosted on: http://proteomics.ysu.edu/tools/OrfPredictor.html. No 
hits were found when running the sequence on InterPro Scan. 
9.8.7: EST Clone Library Identifier D00189. 




9.8.8: EST Clone Library Identifier C00606. 




9.9: Expression of RT-qPCR Reference Gene 
(Relative expression of EST D00403 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 














9.10: Appendix D: Chapter 5 (Towards Agrobacterium-mediated 
Transformation) 
 
(1) The complete DNA sequence for binary vector pCAMBIA-0380 
(backbone of the Agrobacterium-mediated transformation vectors 
used in this study) 
 
(NCBI Accession: AF234290). Features present include: nos (nopaline synthase) 3'-UTR 
(polyA signal) (61-313 bp); right border T-DNA repeat (351-376 bp); STA region from pVS1 
plasmid (1417-2417 bp); replication origin from pVS1 (3010-4010 bp); bom site from 
pBR322 (4420-4680 bp); pBR322 origin of replication (4820-5100 bp); aadA (Kanamycin 
resistance) gene amplified from pIG121Hm (5391-6185 bp); left border T-DNA repeat from 
C58 (6610-6635 bp); pUC8 MCS (6737-6772 bp). T-DNA borders are highlighted in green. 
Kanamycin cassette is highlighted in yellow.        
       1        ctagccacca ccaccaccac cacgtgtgaa ttacaggtga ccagctcgaa tttccccgat 
  61   cgttcaaaca tttggcaata aagtttctta agattgaatc ctgttgccgg tcttgcgatg 
  121  attatcatat aatttctgtt gaattacgtt aagcatgtaa taattaacat gtaatgcatg 
  181  acgttattta tgagatgggt ttttatgatt agagtcccgc aattatacat ttaatacgcg 
  241  atagaaaaca aaatatagcg cgcaaactag gataaattat cgcgcgcggt gtcatctatg 
  301  ttactagatc gggaattaaa ctatcagtgt ttgacaggat atattggcgg gtaaacctaa 
  361  gagaaaagag cgtttattag aataacggat atttaaaagg gcgtgaaaag gtttatccgt 
  421  tcgtccattt gtatgtgcat gccaaccaca gggttcccct cgggatcaaa gtactttgat 
  481  ccaacccctc cgctgctata gtgcagtcgg cttctgacgt tcagtgcagc cgtcttctga 
 415 
 
  541  aaacgacatg tcgcacaagt cctaagttac gcgacaggct gccgccctgc ccttttcctg 
  601  gcgttttctt gtcgcgtgtt ttagtcgcat aaagtagaat acttgcgact agaaccggag 
  661  acattacgcc atgaacaaga gcgccgccgc tggcctgctg ggctatgccc gcgtcagcac 
  721  cgacgaccag gacttgacca accaacgggc cgaactgcac gcggccggct gcaccaagct 
  781  gttttccgag aagatcaccg gcaccaggcg cgaccgcccg gagctggcca ggatgcttga 
  841  ccacctacgc cctggcgacg ttgtgacagt gaccaggcta gaccgcctgg cccgcagcac 
  901  ccgcgaccta ctggacattg ccgagcgcat ccaggaggcc ggcgcgggcc tgcgtagcct 
  961  ggcagagccg tgggccgaca ccaccacgcc ggccggccgc atggtgttga ccgtgttcgc 
  1021 cggcattgcc gagttcgagc gttccctaat catcgaccgc acccggagcg ggcgcgaggc 
  1081 cgccaaggcc cgaggcgtga agtttggccc ccgccctacc ctcaccccgg cacagatcgc 
  1141 gcacgcccgc gagctgatcg accaggaagg ccgcaccgtg aaagaggcgg ctgcactgct 
  1201 tggcgtgcat cgctcgaccc tgtaccgcgc acttgagcgc agcgaggaag tgacgcccac 
  1261 cgaggccagg cggcgcggtg ccttccgtga ggacgcattg accgaggccg acgccctggc 
  1321 ggccgccgag aatgaacgcc aagaggaaca agcatgaaac cgcaccagga cggccaggac 
  1381 gaaccgtttt tcattaccga agagatcgag gcggagatga tcgcggccgg gtacgtgttc 
  1441 gagccgcccg cgcacgtctc aaccgtgcgg ctgcatgaaa tcctggccgg tttgtctgat 
 416 
 
  1501 gccaagctgg cggcctggcc ggccagcttg gccgctgaag aaaccgagcg ccgccgtcta 
  1561 aaaaggtgat gtgtatttga gtaaaacagc ttgcgtcatg cggtcgctgc gtatatgatg 
  1621 cgatgagtaa ataaacaaat acgcaagggg aacgcatgaa ggttatcgct gtacttaacc 
  1681 agaaaggcgg gtcaggcaag acgaccatcg caacccatct agcccgcgcc ctgcaactcg 
  1741 ccggggccga tgttctgtta gtcgattccg atccccaggg cagtgcccgc gattgggcgg 
  1801 ccgtgcggga agatcaaccg ctaaccgttg tcggcatcga ccgcccgacg attgaccgcg 
  1861 acgtgaaggc catcggccgg cgcgacttcg tagtgatcga cggagcgccc caggcggcgg 
  1921 acttggctgt gtccgcgatc aaggcagccg acttcgtgct gattccggtg cagccaagcc 
  1981 cttacgacat atgggccacc gccgacctgg tggagctggt taagcagcgc attgaggtca 
  2041 cggatggaag gctacaagcg gcctttgtcg tgtcgcgggc gatcaaaggc acgcgcatcg 
  2101 gcggtgaggt tgccgaggcg ctggccgggt acgagctgcc cattcttgag tcccgtatca 
  2161 cgcagcgcgt gagctaccca ggcactgccg ccgccggcac aaccgttctt gaatcagaac 
  2221 ccgagggcga cgctgcccgc gaggtccagg cgctggccgc tgaaattaaa tcaaaactca 
  2281 tttgagttaa tgaggtaaag agaaaatgag caaaagcaca aacacgctaa gtgccggccg 
  2341 tccgagcgca cgcagcagca aggctgcaac gttggccagc ctggcagaca cgccagccat 
  2401 gaagcgggtc aactttcagt tgccggcgga ggatcacacc aagctgaaga tgtacgcggt 
 417 
 
  2461 acgccaaggc aagaccatta ccgagctgct atctgaatac atcgcgcagc taccagagta 
  2521 aatgagcaaa tgaataaatg agtagatgaa ttttagcggc taaaggaggc ggcatggaaa 
  2581 atcaagaaca accaggcacc gacgccgtgg aatgccccat gtgtggagga acgggcggtt 
  2641 ggccaggcgt aagcggctgg gttgtctgcc ggccctgcaa tggcactgga acccccaagc 
  2701 ccgaggaatc ggcgtgacgg tcgcaaacca tccggcccgg tacaaatcgg cgcggcgctg 
  2761 ggtgatgacc tggtggagaa gttgaaggcc gcgcaggccg cccagcggca acgcatcgag 
  2821 gcagaagcac gccccggtga atcgtggcaa gcggccgctg atcgaatccg caaagaatcc 
  2881 cggcaaccgc cggcagccgg tgcgccgtcg attaggaagc cgcccaaggg cgacgagcaa 
  2941 ccagattttt tcgttccgat gctctatgac gtgggcaccc gcgatagtcg cagcatcatg 
  3001 gacgtggccg ttttccgtct gtcgaagcgt gaccgacgag ctggcgaggt gatccgctac 
  3061 gagcttccag acgggcacgt agaggtttcc gcagggccgg ccggcatggc cagtgtgtgg 
  3121 gattacgacc tggtactgat ggcggtttcc catctaaccg aatccatgaa ccgataccgg 
  3181 gaagggaagg gagacaagcc cggccgcgtg ttccgtccac acgttgcgga cgtactcaag 
  3241 ttctgccggc gagccgatgg cggaaagcag aaagacgacc tggtagaaac ctgcattcgg 
  3301 ttaaacacca cgcacgttgc catgcagcgt acgaagaagg ccaagaacgg ccgcctggtg 
  3361 acggtatccg agggtgaagc cttgattagc cgctacaaga tcgtaaagag cgaaaccggg 
 418 
 
  3421 cggccggagt acatcgagat cgagctagct gattggatgt accgcgagat cacagaaggc 
  3481 aagaacccgg acgtgctgac ggttcacccc gattactttt tgatcgatcc cggcatcggc 
  3541 cgttttctct accgcctggc acgccgcgcc gcaggcaagg cagaagccag atggttgttc 
  3601 aagacgatct acgaacgcag tggcagcgcc ggagagttca agaagttctg tttcaccgtg 
  3661 cgcaagctga tcgggtcaaa tgacctgccg gagtacgatt tgaaggagga ggcggggcag 
  3721 gctggcccga tcctagtcat gcgctaccgc aacctgatcg agggcgaagc atccgccggt 
  3781 tcctaatgta cggagcagat gctagggcaa attgccctag caggggaaaa aggtcgaaaa 
  3841 ggtctctttc ctgtggatag cacgtacatt gggaacccaa agccgtacat tgggaaccgg 
  3901 aacccgtaca ttgggaaccc aaagccgtac attgggaacc ggtcacacat gtaagtgact 
  3961 gatataaaag agaaaaaagg cgatttttcc gcctaaaact ctttaaaact tattaaaact 
  4021 cttaaaaccc gcctggcctg tgcataactg tctggccagc gcacagccga agagctgcaa 
  4081 aaagcgccta cccttcggtc gctgcgctcc ctacgccccg ccgcttcgcg tcggcctatc 
  4141 gcggccgctg gccgctcaaa aatggctggc ctacggccag gcaatctacc agggcgcgga 
  4201 caagccgcgc cgtcgccact cgaccgccgg cgcccacatc aaggcaccct gcctcgcgcg 
  4261 tttcggtgat gacggtgaaa acctctgaca catgcagctc ccggagacgg tcacagcttg 
  4321 tctgtaagcg gatgccggga gcagacaagc ccgtcagggc gcgtcagcgg gtgttggcgg 
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  4381 gtgtcggggc gcagccatga cccagtcacg tagcgatagc ggagtgtata ctggcttaac 
  4441 tatgcggcat cagagcagat tgtactgaga gtgcaccata tgcggtgtga aataccgcac 
  4501 agatgcgtaa ggagaaaata ccgcatcagg cgctcttccg cttcctcgct cactgactcg 
  4561 ctgcgctcgg tcgttcggct gcggcgagcg gtatcagctc actcaaaggc ggtaatacgg 
  4621 ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg ccagcaaaag 
  4681 gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg cccccctgac 
  4741 gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga 
  4801 taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac cctgccgctt 
  4861 accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca tagctcacgc 
  4921 tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtgt gcacgaaccc 
  4981 cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc caacccggta 
  5041 agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag agcgaggtat 
  5101 gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca 
  5161 gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt tggtagctct 
  5221 tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa gcagcagatt 
  5281 acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgct 
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  5341 cagtggaacg aaaactcacg ttaagggatt ttggtcatgc attctaggta ctaaaacaat 
  5401 tcatccagta aaatataata ttttattttc tcccaatcag gcttgatccc cagtaagtca 
  5461 aaaaatagct cgacatactg ttcttccccg atatcctccc tgatcgaccg gacgcagaag 
  5521 gcaatgtcat accacttgtc cgccctgccg cttctcccaa gatcaataaa gccacttact 
  5581 ttgccatctt tcacaaagat gttgctgtct cccaggtcgc cgtgggaaaa gacaagttcc 
  5641 tcttcgggct tttccgtctt taaaaaatca tacagctcgc gcggatcttt aaatggagtg 
  5701 tcttcttccc agttttcgca atccacatcg gccagatcgt tattcagtaa gtaatccaat 
  5761 tcggctaagc ggctgtctaa gctattcgta tagggacaat ccgatatgtc gatggagtga 
  5821 aagagcctga tgcactccgc atacagctcg ataatctttt cagggctttg ttcatcttca 
  5881 tactcttccg agcaaaggac gccatcggcc tcactcatga gcagattgct ccagccatca 
  5941 tgccgttcaa agtgcaggac ctttggaaca ggcagctttc cttccagcca tagcatcatg 
  6001 tccttttccc gttccacatc ataggtggtc cctttatacc ggctgtccgt catttttaaa 
  6061 tataggtttt cattttctcc caccagctta tataccttag caggagacat tccttccgta 
  6121 tcttttacgc agcggtattt ttcgatcagt tttttcaatt ccggtgatat tctcatttta 
  6181 gccatttatt atttccttcc tcttttctac agtatttaaa gataccccaa gaagctaatt 
  6241 ataacaagac gaactccaat tcactgttcc ttgcattcta aaaccttaaa taccagaaaa 
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Left T-DNA Border 
  6301 cagctttttc aaagttgttt tcaaagttgg cgtataacat agtatcgacg gagccgattt 
  6361 tgaaaccgcg gtgatcacag gcagcaacgc tctgtcatcg ttacaatcaa catgctaccc 
  6421 tccgcgagat catccgtgtt tcaaacccgg cagcttagtt gccgttcttc cgaatagcat 
  6481 cggtaacatg agcaaagtct gccgccttac aacggctctc ccgctgacgc cgtcccggac 
  6541 tgatgggctg cctgtatcga gtggtgattt tgtgccgagc tgccggtcgg ggagctgttg 
  6601 gctggctggt ggcaggatat attgtggtgt aaacaaattg acgcttagac aacttaataa 
  6661 cacattgcgg acgtttttaa tgtactgaat taacgccgaa ttaattccta ggccaccatg 
  6721 ttgggcccgg cgcgccgaat tcccggggat ccgtcgacct gcagccaagc tttaagagga 
  6781 gtccaccatg gtagatctga ctagtgttaa cg 
 
 
          
 


















(2) DNA sequence of Blumeria graminis f. sp. hordei aqu1 gene (encoding 
an aquaporin), exons 1-4 
 
(NCBI ACCESSION:   AJ544064). Numbers represent nucleotide position. Amplified 
terminator region is shown underlined and in Italics. Primer binding sites are shown 
highlighted (Blue for amplification primers, Yellow for sequencing primers) and in bold.  
 
1    aacataatac tctgtgatcc aaatatcgtt taactgaaag cccgccgtca atattgactt 
 
61   aaacgctttt ccggggaatc cggtcatatc ctagcttcca ttttgctttc ttttcctcca 
 
121  tctattttct gcgggccctg catgggtgag taggggggaa aggtatacgc gtacagtaat 
 
181  gcagttaaga tgaccagtcc ctctcactaa acagagttta caagctacca catgaggcgc 
 
241  aggccattac cctatataga ccaatacctc cagtctcatg ctatataaaa cgtcagcatc 
 
301  tgtagccacc tcatattcaa ctctaagagt cacaatcttg acaaagatcc tcaactcctg 
 
361  tcatgcctac tgatggaatt ccacccatgt tgggacaatc ttctccacta aagcttcgta 
 
421  aatacgaagg ccgacttagt gatgacaact tccgaaacca tgtcatagca gccatcggcg 
 
481  agttcctcgg gaccactttg ttcctctttt atggattcct agcagcacag attatcaaca 
 
541  gcaaacctga caatctttct gacgctccta gtctactcca gttaatattc gttgcttcag 
 
601  cctttggtgt cagtggagca gtcaacgtct ggctattcta ccgagtcagt ggaggccatt 
 




721  actatcggtc ttactctaat aggagctgta ccagtcactc gagctttact tctcgtatcc 
 
781  gttcagctac ttggtggtat attagctgca tctctagtat tagccgttac cccagggtct 
 
841  ctaaatgttc agaccgcttt gggcaatgcg acatccgtga agcaaggttt ctttttggag 
 
901  atgattctca ctgccaccct tgtgttgaca gtgtttatgc tcgctgtaga gaaacaccgt 
 
961  accactcctc tagcaccttt aggaatcggt ctcattcttt tcctcgatgt cctcttaggt 
 
1021 acgtataata ctttgtgttc aattacaatc actgaacaat ttcatagctg cacagttctc 
 
1081 tggcggctca ttaaacccag cacgatcctt tggtccagct gtcgtcgaat tgaactttgc 
 
1141 gacataccat tggatttact ggttcggacc aatcgcaggt gcagtcttag cagccgctat 
 
1201 cttcaaagtt ctaaagtttc ttgcatacga gactgcagtt gctggacagg accatgatgg 
 
1261 actagacgtc taccggctta tcgatggtat gtattccaga atcttttagt aacttaacta 
 
1321 aggtgttcat cgtttacaga tgccggtggt catgaagtcg atcgggaaat tcaacttgaa 
 
1381 gtttaaaaac acacgaaact aacgacataa tgacgtatta ggctcaacaa gtgaatttgg 
 
1441 aatcatattc taaatatatc tatgcagttg gcgggataga agaccttctc aaaagatcta 
 
1501 agatctagaa atgttattgg tatttagagc actaaaatgc tacatctata tgattccgcg 
 
1561 tagctatatc aaatttacaa ttggatacct cccacagact tgcatgtgat atctataaat 
 






1681 taacactatg aacttctaac tgtcactatc cacccaaagg tcgagataaa gatattcttt 
 
1741 cgtcatcttt tcggtgaggt cttcaaaact ctcaagcgat ttatgtctcc gtaatatatg 
 
1801 atcatagcct atttgcccca taaatatgag gctaacgtct caggtttaat gttgtgtaga 
 






























(3) DNA sequence of Blumeria graminis f. sp. hordei H3 Histone Promoter, 
isolate CC146 
 
1  attatgacgt tcttgtgact atttttggtc atatgctgcc ttagactcgg acgtattaca  
61 agtctcgttg aaaacaacaa catttacgcg acgtggaggc aaacgaacaa taggagtaaa  
121 aattgtgtag actttggcct gtgctgcgca agctgggccg acatggaatg ctatgagcat  
181 tggaagcgag atgggctaaa gggcacgtac agtttctcga tcaattggcg tgttcggcct  
241 gactagcggt tgctccgtaa gacagagagc caattctctg gtgaagccta ctaaatcggg  
301 ctggaaactc ccttgctgat acctattggt gatgcacact cataatcttg ttgacatgac  
361 aatggaatgc tcagttggcg gagcaatgcc tggcagagtt ggtctaggat ctcaaaatca  
421 atcgccagtt atacgagacc atactatcgg ggacagaatc gcgcagtgca gaccccttgt  
481 tccatgcttt tgtgttgtta attagacgca tctttctttt tcactgttgc gagtagctgc  
541 tgtcgtccac aacctctatc actctatgct ctcaggacca cagctagtgg ctttgtgaga  
601 agaaaaactt gagtatcaga gaaataagta cataccctaa tccagggcat acttgtggcg  
661 gagattgtta gtctttgatg taacgggctc actgtacatg agactttcag aatccttgca  
721 aagtcacctg cccgtgcggt caccaagtct cgtggtagat ccacgccggt agaacggtgt  
781 cacataggtc tgagttttaa tatgataatg tacaatgaag agacttaggt tataaactcc 
841 taatttcggt catttgccct tgaaccttct agatcatctg gtagactaag catagtacaa  
901 gccttagatc accgacatac gccgaatata aaaggcttta cattttgtat ttaccattcg  
961 gtgggtgtcg aaaacttgga ctgtagatga ttccaggaga aaataatcca ttaactagat  
1021 cttcaatcgg tattcagata atagcgggcc tgacttttct ctatatgaca taaacttaag  
1081 ttgatgactg ccgcagtcta tcttgccgcc gaacccgagc ttaacatatc ctagctcatg  
 426 
 
1141 agtatgtaat caggcgcccg ctcctattgc attcaaatac acccgttaac ccagcctcac  
1201 tcgcatccat cacccatcac ttcttctctt cggctctcca tcaaacttca tcaaaacaca  
1261 catataaccg catcaaacca tcaccaaatg gctcgaacca agcaaaccgc gcgcaaggta  
1321 agtcatacaa tatatgtctg gttcaccaac cctaacgcgt tcaacagtcc actggtggaa  
1381 aagcaccccg aaaacagttg gcttctaagg ctggtcggta aaaagtcaca actacatttc  
1441 tttactaaat accttccagc tcgtaaaagc gcaccctcaa ctggaggtgt aaagaagcct  
1501 cacagtaagt gatgatgacc tcaccctaat ctcaagtcgc ggtagcctga ctagtcgaag  
1561 gatacaagcc cggtactgtt gccctccgag aaattcgtcg ttaccagaaa tccaccgaac  
1621 ttttgattcg aaaacttccc ttccagcgtc ttgttcgtga aattgcgcaa gattttaaat  
1681 ccgacctacg atttcagtcg tcagcgatcg gagcgcttca ggaatcggta gaggcctacc  
1741 tcgtctcact attcgaggac acaa 
(4) DNA sequence of eGFP  
 
  1 ATGGTAGAGA TGCTGCCAAC TGTCGCTGTG CTGGTCTTGG CAGTGTCCGT 
51 GGTTGCCAAG GATAACACCA CGCTGCAGGA ATTCGCCACC ATGGTGAGCA 
101 AGGGCGAGGA GCTGTTCACC GGGGTGGTGC CCATCCTGGT CGAGCTGGAC 
151 GGCGACGTAA ACGGCCACAA GTTCAGCGTG TCCGGCGAGG GCGAGGGCGA 
201 TGCCACCTAC GGCAAGCTGA CCCTGAAGTT CATCTGCACC ACCGGCAAGC 
251 TGCCCGTGCC CTGGCCCACC CTCGTGACCA CCCTGACCTA CGGCGTGCAG 
301 TGCTTCAGCC GCTACCCCGA CCACATGAAG CAGCACGACT TCTTCAAGTC 
351 CGCCATGCCC GAAGGCTACG TCCAGGAGCG CACCATCTTC TTCAAGGACG 
401 ACGGCAACTA CAAGACCCGC GCCGAGGTGA AGTTCGAGGG CGACACCCTG 
451 GTGAACCGCA TCGAGCTGAA GGGCATCGAC TTCAAGGAGG ACGGCAACAT 
501 CCTGGGGCAC AAGCTGGAGT ACAACTACAA CAGCCACAAC GTCTATATCA 
551 TGGCCGACAA GCAGAAGAAC GGCATCAAGG TGAACTTCAA GATCCGCCAC 
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601 AACATCGAGG ACGGCAGCGT GCAGCTCGCC GACCACTACC AGCAGAACAC 
651 CCCCATCGGC GACGGCCCCG TGCTGCTGCC CGACAACCAC TACCTGAGCA 
701 CCCAGTCCGC CCTGAGCAAA GACCCCAACG AGAAGCGCGA TCACATGGTC 
751 CTGCTGGAGT TCGTGACCGC CGCCGGGATC ATCCTCGGCA TGGATGAACT 
801 ATACCAACTC GAGAATGGCG GCATAAGCCT GCTGGTTCAG AACACATCCT 
851 GGATGCTGCT GCTGCTGCTT TCCCTCTCCC TCCTCCAAGC CCTGGACTTC 
 
(5) Plasmid isolation solutions 
 
2X Cracking Solution: 
0.2 N NaOH, 
0.5 % SDS, 
































(6) DNA sequence of Blumeria graminis f. sp. hordei CYP51 gene 
(encoding an eburicol 14α-demethylase), exons 1-3, isolate CC146 
 
(NCBI accession number: AJ313155). Numbers represent nucleotide position. CYP51 
sequencing primer binding sites are shown highlighted and in bold. 
 
1   atgggaatat cagaaagctt tatgtttcca tacttgcagc ctttgctcca actcggtttt  
       
61  ggcattgcgt tggctagtgg aattataagt ttattattac tgttaacctt cttgaacgta  
      
121 ttgaagcagt tacttttcaa gaatccaaat gagccaccga tcgtgtttca ttggattcct  
      
181 atcattggaa gtacaatttc atatggaatg aatccctaca aattctttca tgaatcccaa  
      
241 gccaaggtca gttgccgctt acactctctg aggaatacga tattaattga ggtaaagtac 
       
301 ggaaatatct tcactttcat attactgggt aagaagacga cggtatatct aggtcgacag 
       
361 ggaaataatt ttattcttaa tggaaaactc agagacgtta atgccgaaga aatttatacg  
      
421 gtcttgacga ctcctgtctt cgggactgat gtagtgtttg actgtcctaa ttcaaaatta  
      
481 atggaacaac agaaggtttt aaaatcatat ggataacttt cagaatcaga ctctgatatt  
      
541 tgcacagttc atgaaagcag cccttacgac tgaggccttc cgctcttatg tacctatcat  
      
601 ccaaaatgaa gtgaaaagct ttatcgaaaa atgcgacgat tttcgaaaat caaaaggtat  
      
661 catcaatatc gatgcagtaa tggctgaaat tacgatatac actgcttcac acaccctaca  
      
721 agggaaggaa gttcgcgata gatttgattc ttctttggca gttttgtatc atgacctaga 
       
        Primer 146Seq2 
   Primer cc146Seq1B 
   Primer 146Seq3 
   Primer 146Seq4 
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781 tatgggcttc accccaatca atttcatgct tcactgggca ccacttccgc acaatcgagc 
       
841 tcgtgatcat gcccaacgga cagtcgcaaa gatatacatg gagattatca acagccgtcg  
      
901 gacgcagaaa gaaactgatg attccaattt agatataatg tggcaattaa tgcgctcttc  
      
961 ctacaaagat ggcacgcccg taccggataa agagattgca cacatgatga tcgcgctcct  
     
1021 gatggctggg caacattctt cgtcgtcatc cagcacatgg atcatgctgt ggcttgctgc 
      
1081 tcgaccagac atcactgaag aactctacca agaacaatta gaattattgg gctcagaatt  
     
1141 accccctctc aaatatgaag atctctcgaa actttctttg catcaaaacg tattgaaaga  
     
1201 ggttctccgt ctgcatgctc ccatacattc gatcttacga aaagtaaaga atccaatgcc 
      
1261 cgttccagga actagttatg taatacctaa gacccattcc ctcttggcgg cccctgggtg  
     
1321 gacgagtcga gacgcctcat acttccccaa tccgcttaag tgggatccac atcgttggga  
     
1381 cactggatct ggtggcgtga taggcacgga tatggaggat gaaaaattcg attatgggta 
      
1441 tggattaatt agtacagggg cagcaagccc ttacctaccg tttggggccg gacggcatcg 
      
1501 ctgcataggc gagcaatttg caacggtgca attagttaca attatggcca ccatggttcg  
     
1561 cagtttcaag tttcacaacc ttgacggaag gaatagcgtt gccgaaacgg attactcaag 
      
1621 tatgttttct cggccaatgg cacctgccac aattgcatgg gagaagaggg acaaaaagga 
1681 aacggagtgt taa 
   Primer 146Seq5 




                                                              
(7) Agrobacterium tumefaciens  growth media and solutions 
Induction Medium Requires: 
K2HPO4: 3H2O : 3H2O/KH2PO4  (filter sterilise 1 M stock solution) 
MgSO4 (Filter sterilise 1 M stock solution) 
MES` (2-N-Morpholino ethanesulfonic acid) 400 mM Stock Solution 
 
For approx 1 Litre: 
NACl- 0.08 g 
CaCl2:2H2O- 0.038 g 
FeSO4- 0.001 g 
(NH4)2SO4- 0.2675 g 
Glucose- 0.963 g 
(535 ml H2O) 
 
Add 60 ml 400 mM MES 
 
Autoclave before adding 1.2 ml 100 mM acetosyringone (final concentration 200 μM) 
       1.2 ml 1 M MgSO4 
5 ml 1M K2HPO4: 3H2O : 3H2O/KH2PO4   
 
Minimal Media (1 litre). 50 ml 20x Nitrate Salts, 10 g Sucrose, 1 ml Trace Elements, Fill to 
1 litre with ddH20,  1 ml 1000x Vitamin Solution before use.  
 Conidial Extraction Solutions 
 
Solution A 
0.35 M Sorbitol 
0.1 M Tris pH 7.5 
5 mM EDTA (ethylenediaminetraacetic acid) 
 
Solution B 
0.2 M Tris pH 7.5 
50 mM EDTA (ethylenediaminetraacetic acid) 
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2 M NaCl 





9.11: Appendix E: Chapter 6 (CMEG 5’-regulatory region driven 
GFP expression in M. oryzae) 
 
(1) Vector Sequences from pMJK27.2 
DNA sequence of the MPG1 promoter 
1 AACAAAAGCT GGAGCTCCAC CGCGTTGGGA GCTCTCCCAT ATGGTCGACC 
51 TGCAGACGCA TGGTGGGTGG CAACCACAGC AAGCCACGCC AACTCAGTGC 
101 GATGACAGCC TCATTGCTCC TTCAATGCAG ATGGGGCTAT TTGCTCATCA 
151 GAATGCAGCT ATCTGCTACG TTGGCTTCTT TATTTGCTCA TCCACCGCCT 
201 CGTTTTGGGT TTGGGCCTTG GTCAAGGACC GCAGAGAGCG TGTGGCATGG 
251 TTGGAAACTG GATGAGGCCG ACCCCTGCAT TTAGCCGCCG ATCTGGCATG 
301 AAGCCGAGAC TCGATGGAAA GGAGAAAAAA AAAGAACAAG AAAAATCCCT 
351 CCGAAGGGAC TAGAGCAGTG TATCACACGA GGGGGGATGG CATCGCAGAT 
401 GTTTGGGCTC TGCGGTAATC CTCAGTGTCG AGTCTTGCGG TGGTAGTGAC 
451 GCCAAACAGA CAACCCCTCG GTCCCTGAAA AAACGTCGTC TTCCCTTGGG 
501 TGCCGAGCGC CAGGCGATGA CCCCTGCAAG GATGTAATGC GCCATCCCGC 
551 CGATCAGCCA GGCAAGTCAA GGCCGGAAGG CCGGCTAGAA TGACATGCCG 
601 GGTCCACAAA GCAAGTTCCA AGTCTTGCCA GAGTGCTCCG GTTGCGGTTG 
651 ATGACCGCAA AAACCCAGGT ACTCCATACT GTCATTATTA TTATTATTTT 
701 TCTAGGTTAT CTTTCTACTC CCAGTCGTGA CGAAATTACT CCGTATCCCG 
751 AAATATGGAT TTTCCAGACT AGTCTAGCAG TCAATAGCGG GTCGTTTCAA 
                  801 gg 
 
DNA sequence of the sGFP Gene. 
  1 ATGGTGAGCA AGGGCGAGGA GCTGTTCACC GGGGTGGTGC CCATCCTGGT 
 51 CGAGCTGGAC GGCGACGTAA ACGGCCACAA GTTCAGCGTG TCCGGCGAGG 
101 GCGAGGGCGA TGCCACCTAC GGCAAGCTGA CCCTGAAGTT CATCTGCACC 
151 ACCGGCAAGC TGCCCGTGCC CTGGCCCACC CTCGTGACCA CCTTCACCTA 
201 CGGCGTGCAG TGCTTCAGCC GCTACCCCGA CCACATGAAG CAGCACGACT 
251 TCTTCAAGTC CGCCATGCCC GAAGGCTACG TCCAGGAGCG CACCATCTTC 
301 TTCAAGGACG ACGGCAACTA CAAGACCCGC GCCGAGGTGA AGTTCGAGGG 
351 CGACACCCTG GTGAACCGCA TCGAGCTGAA GGGCATCGAC TTCAAGGAGG 
401 ACGGCAACAT CCTGGGGCAC AAGCTGGAGT ACAACTACAA CAGCCACAAC 
451 GTCTATATCA TGGCCGACAA GCAGAAGAAC GGCATCAAGG TGAACTTCAA 
501 GATCCGCCAC AACATCGAGG ACGGCAGCGT GCAGCTCGCC GACCACTACC 
551 AGCAGAACAC CCCCATCGGC GACGGCCCCG TGCTGCTGCC CGACAACCAC 
601 TACCTGAGCA CCCAGTCCGC CCTGAGCAAA GACCCCAACG AGAAGCGCGA 
651 TCACATGGTC CTGCTGGAGT TCGTGACCGC CGCCGGGATC ACTCACGGCA 





DNA sequence of the trpC terminator. 
 
  1 tccacttaac gttactgaaa tcatcaaaca gcttgacgaa tctggatata 
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 51 agatcgttgg tgtcgatgtc agctccggag ttgagacaaa tggtgttcag 
101 gatctcgata agatacgttc atttgtccaa gcagcaaaga gtgccttcta 
151 gtgatttaat agctccatgt caacaagaat aaaacgcgtt ttcgggttta 
201 cctcttccag atacagctca tctgcaatgc attaatgcat tgactgcaac 
251 ctagtaacgc cttncaggct ccggcgaaga gaagaatagc ttagcagagc 
301 tattttcatt ttcgggagac gagatcaagc agatcaacgg tcgtcaagag 
351 acctacgaga ctgaggaatc cgctcttggc tccacgcgac tatatatttg 
401 tctctaattg tactttgaca tgctcctctt ctttactctg atagcttgac 
451 tatgaaaatt ccgtcaccag cncctgggtt cgcaaagata attgcatgtt 
501 tcttccttga actctcaagc ctacaggaca cacattcatc gtaggtataa 
551 acctcgaaat canttcctac taagatggta tacaatagta accatgcatg 
601 gttgcctagt gaatgctccg taacacccaa tacgccggcc gaaacttttt 
651 tacaactctc ctatgagtcg tttacccaga atgcacaggt acacttgttt 
701 agaggtaatc cttctttcta gaagtcctcg tgtactgtgt aagcgcccac 
         751 tccacatctc cactcga 
 
DNA Sequence of the hph (hygromycin) Resistance Gene. 
 
  
  1 atgaaaaagc ctgaactcac cgcgacgtct gtcgagaagt ttctgatcga 
 51 aaagttcgac agcgtctccg acctgatgca gctctcggag ggcgaagaat 
101 ctcgtgcttt cagcttcgat gtaggagggc gtggatatgt cctgcgggta 
151 aatagctgcg ccgatggttt ctacaaagat cgttatgttt atcggcactt 
201 tgcatcggcc gcgctcccga ttccggaagt gcttgacatt ggggagttca 
251 gcgagagcct gacctattgc atctcccgcc gtgcacaggg tgtcacgttg 
301 caagacctgc ctgaaaccga actgcccgct gttctcgagc cggtcgcgga 
351 ggcgatggat gcgatcgctg cggccgatct tagccagacg agcgggttcg 
401 gcccattcgg accgcaagga atcggtcaat acactacatg gcgtgatttc 
451 atatgcgcga ttgctgatcc ccatgtgtat cactggcaaa ctgtgatgga 
501 cgacaccgtc agtgcgtccg tcgcgcaggc tctcgatgag ctgatgcttt 
551 gggccgagga ctgccccgaa gtccggcacc tcgtgcatgc ggatttcggc 
601 tccaacaatg tcctgacgga caatggccgc ataacagcgg tcattgactg 
651 gagcgaggcg atgttcgggg attcccaata cgaggtcgcc aacatcctct 
701 tctggaggcc gtggttggct tgtatggagc agcagacgcg ctacttcgag 
751 cggaggcatc cggagcttgc aggatcgccg cgcctccggg cgtatatgct 
801 ccgcattggt cttgaccaac tctatcagag cttggttgac ggcaatttcg 
851 atgatgcagc ttgggcgcag ggtcgatgcg acgcaatcgt ccgatccgga 
901 gccgggactg tcgggcgtac acaaatcgcc cgcagaagcg cggccgtctg 
951 gaccgatggc tgtgtagaag tactcgccga tagtggaaac cgacgcccca 
        1001 gcactcgtcc gagggcaaag gaatag 
 
 
(2) Gateway cassette A 
Cassette Schematic:  
 
 
Reading Frame Cassette A:  1711  bp 
attR1 site: 4-128  bp 
Primer 1 site: 163-185  bp 
Chloramphenicol resistance gene: 237-896  bp 
ccdB gene: 1238-1543  bp 
Primer 2: 1444-1466  bp 
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attR2: 1584-1708  bp 
Sequence: 
         1 ATCACAAGTT TGTACAAAAA AGCTGAACGA GAAACGTAAA ATGATATAAA 
        51 TATCAATATA TTAAATTAGA TTTTGCATAA AAAACAGACT ACATAATACT 
       101 GTAAAACACA ACATATCCAG TCACTATGGC GGCCGCATTA GGCACCCCAG 
       151 GCTTTACACT TTATGCTTCC GGCTCGTATA ATGTGTGGAT TTTGAGTTAG 
       201 GATCCGTCGA GATTTTCAGG AGCTAAGGAA GCTAAAATGG AGAAAAAAAT 
       251 CACTGGATAT ACCACCGTTG ATATATCCCA ATGGCATCGT AAAGAACATT 
       301 TTGAGGCATT TCAGTCAGTT GCTCAATGTA CCTATAACCA GACCGTTCAG 
       351 CTGGATATTA CGGCCTTTTT AAAGACCGTA AAGAAAAATA AGCACAAGTT 
       401 TTATCCGGCC TTTATTCACA TTCTTGCCCG CCTGATGAAT GCTCATCCGG 
       451 AATTCCGTAT GGCAATGAAA GACGGTGAGC TGGTGATATG GGATAGTGTT 
       501 CACCCTTGTT ACACCGTTTT CCATGAGCAA ACTGAAACGT TTTCATCGCT 
       551 CTGGAGTGAA TACCACGACG ATTTCCGGCA GTTTCTACAC ATATATTCGC 
       601 AAGATGTGGC GTGTTACGGT GAAAACCTGG CCTATTTCCC TAAAGGGTTT 
       651 ATTGAGAATA TGTTTTTCGT CTCAGCCAAT CCCTGGGTGA GTTTCACCAG 
       701 TTTTGATTTA AACGTGGCCA ATATGGACAA CTTCTTCGCC CCCGTTTTCA 
       751 CCATGGGCAA ATATTATACG CAAGGCGACA AGGTGCTGAT GCCGCTGGCG 
       801 ATTCAGGTTC ATCATGCCGT TTGTGATGGC TTCCATGTCG GCAGAATGCT 
       851 TAATGAATTA CAACAGTACT GCGATGAGTG GCAGGGCGGG GCGTAAACGC 
       901 GTGGATCCGG CTTACTAAAA GCCAGATAAC AGTATGCGTA TTTGCGCGCT 
       951 GATTTTTGCG GTATAAGAAT ATATACTGAT ATGTATACCC GAAGTATGTC 
 1001 AAAAAGAGGT ATGCTATGAA GCAGCGTATT ACAGTGACAG TTGACAGCGA 
 1051 CAGCTATCAG TTGCTCAAGG CATATATGAT GTCAATATCT CCGGTCTGGT 
 1101 AAGCACAACC ATGCAGAATG AAGCCCGTCG TCTGCGTGCC GAACGCTGGA 
 1151 AAGCGGAAAA TCAGGAAGGG ATGGCTGAGG TCGCCCGGTT TATTGAAATG 
 1201 AACGGCTCTT TTGCTGACGA GAACAGGGGC TGGTGAAATG CAGTTTAAGG 
 1251 TTTACACCTA TAAAAGAGAG AGCCGTTATC GTCTGTTTGT GGATGTACAG 
 1301 AGTGATATTA TTGACACGCC CGGGCGACGG ATGGTGATCC CCCTGGCCAG 
 1351 TGCACGTCTG CTGTCAGATA AAGTCTCCCG TGAACTTTAC CCGGTGGTGC 
 1401 ATATCGGGGA TGAAAGCTGG CGCATGATGA CCACCGATAT GGCCAGTGTG 
 1451 CCGGTCTCCG TTATCGGGGA AGAAGTGGCT GATCTCAGCC ACCGCGAAAA 
 1501 TGACATCAAA AACGCCATTA ACCTGATGTT CTGGGGAATA TAAATGTCAG 
 1551 GCTCCCTTAT ACACAGCCAG TCTGCAGGTC GACCATAGTG ACTGGATATG 
 1601 TTGTGTTTTA CAGTATTATG TAGTCTGTTT TTTATGCAAA ATCTAATTTA 
 1651 ATATATTGAT ATTTATATCA TTTTACGTTT CTCGTTCAGC TTTCTTGTAC 
 1701 AAAGTGGTGA T 
 
 (Source: http://products.invitrogen.com/ivgn/product/11828029?CID=Search-Product, 














9.12: Blumeria graminis f. sp. hordei DH14 CMEG 5’-regulatory 
regions 
(The author declares that the graphs contained herein are based on data collected by Dr. Maike Paramor). 
 
9.12.1: Promoter D00146 (2)*:  
 
(Relative expression of EST D00146 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-TGATTGCGTAAGCAGCTACC-3‟ 
Cloning Primer Reverse:  5‟-CGTGTCAACTAGTTATGCATGAAAGACCTTGAGGA-3‟ 
Possible Gene Function/Identity: retinal short chain dehydrogenase reductase 
 
  1 TGCATCAGAT TTTGATTGCG TAAGCAGCTA CCTAGCTATG ACACAATATT 
 51 AGAGAAAAAG AAGAGCAATC ATGCCTCGGA TTCCATTTGC AGGTACCTCT 
101 GCGAAGTTAT GGTCACTTCT TCACCCAAGG CAGCTCTCAT CCGTGAATAC 
151 CCACCCAGGA AAATGTCACA GAAGCCCTGG GCTATCCAGA CATGCCTCCA 
201 TCATCCACTG AAATTTTTCC GCGTGAAATG TAGTCTTCGG TGTCTCCTTC 
251 CCAAGTGGAG TAGGTGCCCA GGCTACTCAA ACTATACCAG AGAACACCAC 
301 CAGAAAGCGG ACCACCACAC CTTTCATCGT CAACTTATCT TTATAGTGAC 
351 AGCTGCACTC TTGCAGGGGA AGTCCTGGCG TGCACAGAGC TCCATTCGTG 
401 AAACTCCTTA CCGAATTTTA AAACTGAACG CCCTTCTAGG TTGTAGCTAT 
451 CCTATACATC ATCTTGTGAA CCTTTTCTGA ACCCTCTCAC GCCCATCCCA 
501 AAGAACTGTC TCCCACATTT GTGCGCCACG CTTTGCTTCC TGCAACGGGT 
551 ATAAATATCG GCGTGGGCGT GTATTTGGTA ACGAGAGGTA TGGTCATTGA 
601 CATGAGGATG AGCCAAGTCT TACCTATAAA CTTGAAGAGG TCTTGGTGGG 
651 AGTGAAAATT TAACACAGTA GAGTATCTTC AATCATTGCA TCGTGGGCCA 
701 ACTCCTATGA TATTGCGAAA TTTGACTGAA TTGGAATCTG GGAGAATATT 
751 TCACTCCCAG GTTCATGGAG GACACCGCGT ATAGGTATTC AGCCTTTGTC 
801 CTTAAATTTC TATCTCTCGT TAGCGCCTAA GGATCAATCA AAGGTCGTCT 
851 GCTGGTTTAT TACAATTATT CATAAATAAC AATTAGTTGC CATTCTTTAG 
901 TTTAGATCTG CCTGCGCTAA AAAATTCATG TTATTGGGTA TCTTGTTGTA 
951 CCTGAATGAA CTTTTCCTTT TCACGTCTTC TCATGAGAAG TTTGGCCTTG 
        1001 CTGAACGAGC CAAGGAATAC GCCTCGTGTG ACATACCACT ACGCCATGGG 
1051 ATGTCGATGG CTGGCTAAGC TATGATAGTG TCACGTGCTT GTATCAACTA 
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1101 TTGAGCTGAA ACAAAGATAC GTATTCCGTG TGCTATATAA CGTTTCAATG 
1151 TTGAAGTATG TTGTTAACTT GTCATTTTTG TTCAAATATT CCTATCTCTG 
1201 ATTCTTGAAA TCGATAACTT CACCTCAATG 
 
*= number refers to laboratory nomenclature. 
 
9.12.2: Promoter C00750 (3): 
 
(Relative expression of EST C00750 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-CATGTCGCACTCAAGACTGAA-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTATTTTTCGCCATTAACGTGGT-3‟ 
Possible Gene Function/Identity: cap20 
 
  1 GTAATCATGT CGCACTCAAG ACTGAATAGG CCTCATAGAA TCCTTTAAAA 
 51 TAAGGAGCAC TGATGGTTTA CGGGGGACTA TTCCCATAGC TGTCAGTGGT 
101 GTCCCCTACG AACCTCCAGC TCTCACTGCA GAGTCTGCAG AGCCGAGATT 
151 GAGTAACAAA GTCCTCATTT CGATGAGGAT TCCCAATCGC TTTCGCGGTC 
201 TATATCGTCT TCGTCCCTAA GCACATCCCT CTATCACCAT TATCATGAAA 
251 CTAACCACGA TCAGACCAGA TGGTGGGGTC GAAGTCCTAC TCATCACCAA 
301 CCCTTGATCA AGGAGGAAAA TCCATCCTGT GAGTTTCCGG AGCATACCCA 
351 GCACCCGATA CGGAGATGGT GGACTAGATC AAGTCGGCCT CGACCGTTAC 
401 AGAGAAAGGA GATATAGATG AATATGCGCA CCTCGTGTGG TCCCGGTGTC 
451 TAGGCCTCGC CTGGCTGGGT CTGCAGGGTT TTAAGAGACT TTTTCCCGCG 
501 CACGCAGTTT CCATTGCTAC CATTTTTATT TTTTTTGGGT AGAAGGTTCC 
551 GTGGAAAAGG TGGTCGGATT CCATGCGTTA ATATTGAGCT GAATGGCTAT 
601 CTTTTTTTAA TTTACATCCT ATTTGAGTCA ATGACTATTA AAAAGCTGAA 
651 TGGCTATTCA TCCAGGGCAA TATATCAAAG ATCTTTCAAG AAACATGAGA 
701 GATAAGGAGC ACTGCACAAG GTGTGGCCTG GGTCAAAGAG GATCCCAATG 
751 TGCTAGATAG TCTATGACTC AAGTAGTACA ATAAACACAA ACACTGATGG 
801 TTTACTCATC GACATAATGT GATCACATGC GAACGAGAGC ATGCCTATTC 
851 ATAAATTATT TCATCCTACA GGGACCCGTT GGACTAGCAA TTGCCCACGG 
901 TTGATGACAC ATCTTGTACT CAATCCTGCA AAACAAATCA CTCCACTTCT 




9.12.3: Promoter C00222 (4): 
 
(Relative expression of EST C00222 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GGGGATAAGGAACGAGCTTC-3‟ 
Cloning Primer Reverse: 5‟-
CGTGTCAACTAGTTACAGCCTGTGTGTACCTATAGAATTT-3‟ 
Possible Gene Function/Identity: unknown 
 
  1 AGGAGCACCC TTTGGTGCGC TGCATACTGG TTACGTGATC GGTCTACAAG 
 51 CGAACACGCT TGGGGATAAG GAACGAGCTT CATCCAACGG TAACATAATA 
101 ATTATTATAG TAACTTCACT TCTGCATATT AATGGAGATA TCTCTCCACA 
151 AAATATCTTA GCTGTTCCAG CGCAAGTGTA GATTCCCAAA CCATAATAGG 
201 GCATGACCCT CATCATATAT TGGCAAATAT TGAATATATC AATATCTAAA 
251 TTCACTATTA ACTTTAAAGC TATTTAGATA GTTTTGACTG TCCTTCATTG 
301 TCATAGACTC GTATAGGACA ATAAAATTAA ATAATATTAT ATCCGAAGTC 
351 AAATATCTTG GTTTCATGAT CAGTGTTACG GATTCTTGTG CACAAACTCC 
401 TGCTGTTCAG TGTTGGCGGC CTATGTGTAG TGCTGGTCTC AGGGTCCGCT 
451 TTGTCATACC CCTATAGAAA TACCTTTCCT TTCCAGATGC TTTTGTTCCG 
501 CATTGTAGTT ATTATTGCGT TGTCACTTTC TTAGGAAATC AGAACCAACT 
551 TCGTATATTT CGTTCTATTG ATTAGATCAC GACCACATTC CGTGACAATT 
601 AAGGCAGGCG AGGGGTTTTT TGATAGGCCA GAGCCTAGCG CAACTCAGGT 
651 ACAAGCCAAA GGAATCTAAA TATCAAAGAA TTAGTATGAA ATAGGTCTGG 
701 AGCATGACGG GATACCCGAA CATCCTACAT CCTAATGGTT GAATGGTGAT 
751 AGAGCTAAGC TCGGGTGGAT TATTAATTCA TCTTACTGTC CTGTCTGAGT 
801 CTATGACTAT GTAGGACATG CAGGTCCTCT CTGCCTACAG GTCAAGGATA 
851 TCTATGCCAG TAGTATATCC CCTCCTATTC CTCCCATACA GCTCCCCTCA 
901 AACAGTACCG CCCCTCACAA GCCCTCATTT CATCATACAC ACAGAGGAAC 
951 GCGTCAAGCA TTTTTATACT TATTTGAGAA TTGCATGATG ATTCATCTGG 
1001 TCTTTGTCCC CTAAGATGCC CGCACGACCT CTAAAAAGCG ATTCATGATA 
1051 GACCCAAGTT CAATAATGTG CTGTGGAAGC TCGCCATACT TGCGACGTAT 
1101 GACAGCTTGT GACCCACCAA TTTTTAACCC AGTGCAAAAT GCAATATGAT 
1151 GTCAGATGCT GATATTTAGG CCAAAAGCAG GATAATAATA CACCTTAACC 
1201 CACTTAAAGT GATTTACGTT CGTGATCAAG TACATGCTAA GATCTAATTT 
1251 TCCATGTCCG TTTCATTTTG TATTACCTAC TTTGTGGTTA TTAAAAACAT 
1301 ATTTTTTGAA TACTTCGTGG CCGCATGTTC GACAACAATT CTGTACCATT 
1351 TGAGGTAGAT CCTTCCTTCT CAAGGAGACA TGAAGCTTCT CAATGTCATG 
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1401 TGTCGCAAAT GTGCTGTCAT TGCGACGTGG GGTTTAGAGA AGCGTCAGCC 
1451 TGACCTGAGG TGCTAAGGCC AGTGCGAGTT GCTATGCTGA ACTGTAGAAG 
1501 ATCGGTGTTT GGACACTCCA CTCTAGGTGT TTTACAGTGA TGTCTGAGGG 
1551 CATGTCAGAA AAGAAACGCA GCAGACGGAA AATGTAACAA AATAATCTGT 
1601 AACTAAAATG AGAGACAAAT TGACCCGATT CTTCAACAAA GCTAGTTCAA 
1651 ATTTGACCAA TTGTTTATAC CTGCTATCAG TTTAGATAAA TAAGTGGACC 
1701 ACTCAAGCTA GAATTGTAAC CCTAGCTGTA AATCATCTAG TCCTGAGATG 
1751 AATTAGGGCG CGAAGATAAA CGGGCTTGGA AGAGCCTTCA AAGCTAGGAC 
1801 AATGTAGAGA TCGCTAGCAG TCGCGCTGAG GTATATTCGT TTTAATAATT 
1851 CTTGACTGCT GAGGGGTAAG TCGTTTCAGC GAAGGGTCGA ATTTACTTTA 
1901 TGGGAAAGGG ATGTGAATGT CTAGGCATAT CCAAATTCAG ATCATTCTAG 
1951 GGGGGTCGAG GGATGCAGTC TCCGTTGACG ACTAATCTAC CTGATACTGC 
2001 TGCGCGGAAG TTAGTCGGCT AAATAGGTTT AGTGCCTCAA CAGAGTTGCT 
2051 GTTACCTTGG CCCTAGCTGG CGCCTTGGCA TTATCTTGGC AACAAAATCC 
2101 CTTTTGAAGC GGTTAGCTAG CCCGTGACTA ACGCTATCTG TAATATTCGA 
2151 TCCGCAATAA GTCACAACCC ACACCCTCAC TATCTACAAC AACGCCCATC 




9.12.4: Promoter D01230 (5):  
 
(Relative expression of EST D01230 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Promoter Forward: 5‟-TCGTATAGTATTTACAGATTCTCAGCA-3‟ 
Cloning Promoter Reverse:  
5‟-CGTGTCAACTAGTTATAGTGGAGTGAAGAAAGAGGGATG-3‟ 
Possible Gene Function/Identity: ATP synthase protein 9, mitochondrial precursor 
 
1 CGATCAGTAA GTTCTCGTAT AGTATTTACA GATTCTCAGC ACTAAAATTT 
51 GTAGTCATTG TCCTTGGGTA TTTAATTGTA TTGGAGTGAA TAACCATCGA 
101 CAATTTTTAT TATATCTTCT TTGTCTAGAA TTCGGAATCA TATTATTTGT 
151 TAAAATTGTT ATTGGGTGTA TGTCTATCCC GATTGTGATT TAAATTAGCT 
201 AACAGTTTCA GACTTCGAAA ACAAAGTAAC TAATGGTGCG AGCGAAGAAT 
251 GTAATCTCTT ATCATCGGCT CTATGTCAAC TCATAAATGT AGACTCCTAC 
301 ACATTAATTT TAGCAGCTTG GGGCACGTTA CAATTAACTT GGGTTACAAT 
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351 GTTAATGTTT GTTCAACTTG TGCAAATTTC TAGAGCTCTG ACAACTTGGG 
401 AGAATATGCG TAGCTCACAT AGAGTCCACT CTGGCAAAGC TTCGGAAGCA 
451 ATAAAATCAG TACTATCAGG CAATACAACG ATAGATACTG AGGCAAGGCA 
501 TATAAGAAAG GGGAATCACC ATATACATAA AAAAGGTTGT TTTTCAGCTT 
551 GGAAGAGGAT ACTTGGAGTC GATAATTTTA TGGAGACCGC CTTAGGCAAA 
601 AAAGAGTCCC AACAGAATCG TAATCCATTC TCAGCAGGTT GTCTAACTAA 
651 TTGCCGGGAT TTTTGGTGTG ATTCAGCACC CATATTTGGG GAGAGAGAAA 
701 ATGGATCAGC TTTACTCCAA GGACACCATG TGGATTATAC TAATATATAC 
751 GAAGCACCGC ACGTGATGAA CTTACGAGAC CACCATGGAG AGACCATAGC 
801 TTACGAGAGC CTAGCAATAG ATGATGGCAG TGAGATATAG ATTATCTATG 
851 ATATTGACTC ATGGTCAGAT GTTTAAAAAA CGGAGTGTGT TCGTTACAAC 
901 ACATTTTCCA TGGGTGACTT CAAATTACTC TACACGAGAA GATATTTCAT 
951 TTTCGTCATT AAACCTGTTT TTGAAGTTCG GGATCGCAAG GTAGATTATT 
1001 AATTGGCTGT GACTGCTTGC GTATGTCAAT GGGAGCGAGG TCATTATGTT 
1051 CTAATTTCTC AGTTTGCGTG AGTAATTGTA GGTTGGAGGT CTACTCACCG 
1101 GATTTCTGAC CATACGATAT TCAAAATCTT TTGACCCTTG ATCTGGTAAT 
1151 TGATTCGATG GGAATAGGTG TAGTGATCTC TAAAGCTGAT CCATGGACGG 
1201 GAGCTAGTGG GTAAGCCGCT TGATCTTCAT CTCCATGGCA GTATTTCTTT 
1251 TCTATCTCGT TACCTTTGAT TCAAGGCGTA ACCAGGTATG GCGCTAGCTA 
1301 CGAATCTAAC CTAGCTGCGC TAAAGATCAA CTGTGGGGGG CTAAACAACA 
1351 ATCTATCTAA TGTTCGAGTC TATCTACGAG GGAACTAGTT CGCTCAGAAG 
1401 CGGGTCTACG AGCAGAGGGC ATAGATAATT ATGGAAAGTT TATTGCCATT 
1451 AACAAGTGAA TCCGTAGATA AATAAACACA TTGTGAAATT CTTAATCATT 
1501 TAGAGCTTGG GTTATAAAAA TTATAAATTG GTCTCAAAAA AGTGTCATAT 
1551 ATGGACCAGA TCCTACCAGA CACAACAAGC ATACCCCCTT GAATGTGCAG 
1601 GATGTCGACA GGGGGTTATA GTAATTATCA TTTTCTCGCT TCATAGTTAT 
1651 GCCTAAGGAA TTTCGGGCTA GACGAGCGAA GTTTTTAGTA ACTGCTAAAA 
1701 ATTTTCCTCG CACACCCCCT TCTTCACCTC CTGCACATAA GCCACGTCTC 
1751 CAGAATCTTA TTCGCAACCC CCCTCCGACC TTCTTCAAAA CTGCTACCAT 
1801 CCTATCGATC CATCCCTCTT TCTTCACTCC ACTAACACAA TG 
 
9.12.5: Promoter C00082 (6): 
 
(Relative expression of EST C00082 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Promoter Forward: 5‟-CCTGTGGAGCCACTGTTACC-3‟ 




Possible Gene Function/Identity: gamma subunit of the F1 sector of mitochondrial F1F0 
ATP synthase 
 
1 CTACCTTGGG TGGTGCCTTG AAAGCTTCAA GTTCTTAAAA ACCTGTGGAG 
51 CCACTGTTAC CTCATCATAA AATCTAATGC TATCTTTTCC AAGAAAATCG 
101 AAAATAACTG TATTTGGCGG CTTTAAAGTC ACATGTTCAT ATTTCAGTGA 
151 ACAGCAACCA ACTGTTTCTG CTTCATTTTC AGTGTCTTTT TCGTTACCCG 
201 CACGCAATGC AAATTTATCA ATAAGATAGA CAGCCGTAGC TCGTTGACGA 
251 GCAGCCATAA GCTCGGCTTT AAGATCTGTC GTGTAATCCG CCCGTATCCG 
301 ATCAATATGC TTTTTCAATT CTCGTGCTTT CTCGAATTTT TTGAAGTCAC 
351 TTTGTCCTTT AATACTGCTT TTGGCAGCAA GCATGACATA CTTGTAGGCA 
401 CCATTGATAT TTTCCTGCCA CATTGCTAGC CAAGTAGCCT TGTTATCATG 
451 TTGCACGCCC TTCCACTTAT GGCCTTCCGG AGGGGTCGGA ACTGTTGCTT 
501 CCTTGCCAAT ATTGATGGTA ATTTGCTCTG GCATGACCCG ACGTTTCACT 
551 TTGCCCGTTT TTGGGTGTGC TCCACGTCCG CGAAATAGAC CAGGTGGTTC 
601 GATTCTAAAG TTCCCAACCT GTTCCTTTCT ACCGTCCCAT ATGCAACATG 
651 TGTATGGTGC TTCTAAAGAA TCTTTAATGG CTTTTTCAGC TTTTTTTTCG 
701 GCACTAGATT TGGCTTTTTT CTCCTGAGAT TTCCCATCAT AATAATTGAA 
751 GATTTGCGTA AAGTCGAGCT TGGAAAATTC TTTGATTAGG ACTCTTTTGC 
801 CATCTGGTCC TTTGGCGCCT CCGGTCTTTT TGACTTCTTC ACAGAAGTCT 
851 TCGAAAAAGT TATTTTGAAA CACTGGGTTT TCGACATTCA AGGTACTATT 
901 GAGCATCGCT CCGAAGAATC CTGCTATTTC TTCAGCTTCG ATTGATAGGG 
951 TGACAGGTGT CCCGTTGTAT AAAAGTTTTA CGTTCTCTGG TAATGGCTCG 
1001 TACTCTGGGG GGAAAACGAC GCCATTATGC TGAAGGGTGG TCCATTTCAC 
1051 TGATTGGTCA TCTTTCTCTT CTAGCCACCA TTTGTAAACT TCATCTGCTT 
1101 CTTCACTGTT TTTTTCTTCT TTATCTAGCT TTGCATCACT AGACTGTTCT 
1151 TCTTTTATTG AGCTCGTATT TTTTTTTGAC GGTCCGTTGG ACTTTCGCGC 
1201 AGATTTTGAT ATGGTTGAAT CATCTTTGAC CGTGTTCTCT TTTTTAACGG 
1251 GCTCTTTCTT GATAGCTTCT CTCTTGGCGG GTTCTTTCTT GACGGATTCT 
1301 TTCTTGACGG GTTCCTTTTT GACAGGTTCC TTCCTGACTG GCTCTTTCTT 
1351 AACAGGCTTT TTAACCTTAG ACGAATTCTC TTTTGAACGA ACTGCTTTCG 
1401 CTTCTTTTAC AGCTTTTTTT TCAATGCTGG CTTTTTTTTT GGCCAGCTTT 
1451 TGTGTCAGAG GTTCGTCATC AGATGAACTT CCGAAGTCAC TGGCGGTTGG 
1501 TTTTGGTGGA AGCCTGGTTA CTTTTTTTGG AACAGTTGAA GATTCACTAG 
1551 CTGATTCTTT TGCACTTTTT TGCGTCTTTT GACGTTTCGC CTAATACAAG 
1601 GGTTACTAAG GGTGTGGGCG TTAAAATGTC AGATGCCTAC CAGCGGCGCC 
1651 TCGTCACTAT TCTCATCTGT GTCGTCGTTG TAATTTACAG GCTTGACATT 
1701 GCTTGTTCGA GATTTCCGTT TAGGAAGACC ATTTGTGGAT GTTCTGCTGG 
1751 AATCACCATT TTCTTCGAGT ACTGGACCAT TTCGTATAGA TACACCAGCT 
1801 GGTGCCGCAG TATCTGTTAA TACAGCAGCT GTATCTGAGT CAAGGTCATC 
1851 ACTCTTTGGT GTTTGAGGTT TTGCTCCTGA TTCTGGAAAA TAGATAAAAA 
1901 TAAGCTAGGA TAAATAAAAT CGGAGGTTAA CTTCAGGTGC TGGGCTTCTG 
1951 GGTAGAATAT TAAAGAGCTT TAATTATTGA TATAAAATTC AAAAACATTG 
2001 ATTTGCATAC TTCTTGATCT TCTTCTAGCC AAAGGTATCT CATCTTCCGA 
2051 TGTATCAGAC ATTATCTGTT GGCGTTTTGA CACCGGCTGA CTTGTAGTAA 
2101 GGAGTTTAGG CTTAGGGGGT ATGGAATTTA GTGAGCTGAA AATATCATAG 
2151 TCAGCTCCAG AAACATTATC TTTTTACATT GTACATGCCT TTTAGCACGT 
2201 AGAAAAGTAG TTATTAATTT TTTATGGATA GATTCGATAT TCAGCCGTTC 
2251 ACAATAAAAC AATTTTAGAC CGAAAGAACG TAGGACAAAC ATGAAAAAAG 
2301 GTAGATTTTC ATGCATGCCG ATCTAGATTT CATAAACTTC TACAGTCCCA 
2351 TTGGGTTAGT AAGCAGCGCC AAGACCAAAT TTGTCTAATG CAGCCCGAAG 
2401 GCTTCAACAA CGTTGCAGGC GCAAGACTTG TCTGTATGAC CAAATTTTTG 









9.12.6: Promoter D00095 (8): 
 
(Relative expression of EST D00095 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GCAAATAAAAAGCCCACGAA-3‟ 
Cloning Primer Reverse:  
5‟-CGTGTCAACTAGTTATGCATGGAGAGAGGATTATGTG-3‟ 
Possible Gene Function: 60S ribosomal subunit nuclear export factor 
 
1 CCGACGGGCA AATAAAAAGC CCACGAAAGC AATGTAAAAG AACCTTCCGC 
51 TCTCAAGAAA AGTAGATTTA GACTCGTCAA TTACATCATC CCTTTATAAC 
101 CTTTAATTCT GAGTATACCA GCGAGGAGGG CATCTGAAAT ATATGAGTCA 
151 CTCGACATCC CCATGTCCCT AACAGATTTC GTATGCTAGG CTAGGCTTCT 
201 TCACGGAAGT CACCCTCGAC CAAGACTTTT CTGACATCCT TTCACGACCT 
251 TTGGTTTGTC CAGCGGCATG AATCAGGGAA CGAGGACGGA GGAGGCTAGG 
301 AAAGTTGAGA GACGCTCTTA GGGATACACA GGTCTGCGGC GCCCGGCTGT 
351 CCGGCCTCTT CGTCACCGGA GAGCCTCGCA CCCAGTGGTT TTTGAGACTT 
401 TTCTCTGCAG CTACACACCC ATATATGGCC ATCGATTCGT TGGCTAGAGA 
451 GGGGAGATAA TGAGGGGATA ATGGCACCTC TTAGTGTGTA CTCGAATGAA 
501 GACGTGTGGG GGTACTACTG CTGGAAAGAA GTCGTGAAGG AGGCATAGGA 
551 GGGAGTACAC TACCCGAGGC ATAGATACTC CCGGCCTGTA GGCAGAAAGG 
601 ACCTAGATGT TGTCGCATCT TCATAGACTC ATGAGGAAAA TAAACACACT 
651 CAACTTTCCA TCTTTTCAAA AATTATAGCT ATATGTTGAA AAGGAGCACC 
701 CTACAATGTA ATTATCACCG ACAGAGTACT AATGTGCAAG GGAAGCAAGA 
751 AGGTAGGTTC AATAGGGGTT TGATTAACTA GCACTAGAAT CTAACGGGAG 
801 TAAGTCTTCT ATAAGTACCA CACCCAATCT CGCTTCCACG CGATCAATAT 
851 GGCTAGCCTG ATACAGCATC AAGAGTGTAT TATCCCTGCT ACGCACTGAC 
901 ACATTTACAA TACTATATAT ATATCTGAAC GGGCTAGATT TAATCAAATC 
951 AATATTACGG TAAATAAAAT TCAGGGTCAA GTGTCGAGTA TCCATGTTAG 
1001 GCTAATTATA GTTATATTAA GTACTAAATT GACACCCATT GGTGTAACCA 
1051 AATTTTTTTC GCTTCTTGAC AAAAAATTAA TTTTAGCGTC AAGATTTCGC 
1101 GGGGCACAAT GATTATCCCG CTCCACGATT AAAGAAATTC ACATAATCCT 




9.12.7: Promoter D00651 (10): 
 
(Relative expression of EST D00651 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GCCGCCCAGTATCTAGAGC-3‟ 
Cloning Primer Reverse: 
5‟-CGTGTCAACTAGTTAATCTGTAATTGATTTTAATGACGAAG-3‟ 
Possible Gene Function: Malate dehydrogenase 
 
1 TTGTCTATTG TATCCAATTT CGGTGGGTGT GGGCCCGTTC GGCGACAGTT 
51 CGAGCGAAAT TCGGCAGGTT GCATGGTAGT ACCCTAGTTT TGGGCCGCCC 
101 AGTATCTAGA GCTTTGTATG TAGTTGACAC TTGACCTCTG ATCGATAGAT 
151 GATAACTTGT CATACATTCG CTGCGGTCGA CTCATGCGAG AGCGCCGTCA 
201 ATATTTGACC AAGCAAGACC TAGTGTATTC CATACTCTGT GTTTCGGTTC 
251 TCCAATTATA AGACAGGAGA GTTTTTGTTT GTCTGCCCAT TCCTCTATAG 
301 CTTCCCCTTG TCCGTGTGGG CGAGTTGTCC TCGGCTGCCT TGCCTCGTGA 
351 ACTGAGTTAA AGTCTCCTAC GGTAATGGTC TTTGCGGTTG AGGTCCAGTC 
401 CACAAGTAAT CATAGTGACA CTTGGCTGTT TAGTGCTTTG TATACATTTA 
451 GAAATGTGAC TCCGTTAACC ACTACCAAGT AGTAATCCCC TGTTAATGTA 
501 GCACAGGGAA ATGTCTGCGT CGCAGTTATT ACCTTACGTT TTTAAGTGTA 
551 TGTCGCCGTT CTTTGTCTGA TTTCCACACC ACTGTGGGGT ATGTATCTAT 
601 TATATCCTGG ATATGACCCA GTATCCTTCA TATTTATATC CCACGATGGT 
651 TCCTATATGT GTAAGACATC TATATCTAGC TCGTGAGCCC GGAAAAGTGC 
701 GATGTCGTGG ATTGCGCTGC TTCTACCAAC GTATATTGAC ATGTATTTGA 
751 GGGTAGAAGG TGCGCAGGTC GGGGCCTGTG GGCGGCCCTT ACAAATTTTC 
801 TTCGGGGTTT AGAGCCCCAA AGCCTGAATC ATCAACTATG GCTGCATCTG 
851 GTGCGTCTGT GCTGGTAGCA GTCCTTTTCA GGATCTCTTA GCTCTTGCTG 
901 ACACTGGCTG ATGCTTTGTT TGCTAGATTT ACCCCAGCTT TTGCTCTGAC 
951 CACAGCGCTG TATTCCCGCT GGCCAGCTTG TCGAATTGTC GCAAGTTGTT 
1001 CTATTGTGGG CGGACTGGAT TTTGTAGATT GAGCCAAGTA TTTTCGGCTG 
1051 TCTGATCTGT GCGGTCCTGC ATAGTTCCTG CATTTGGTAG CCGCCTTACA 
1101 TTCAGAAGAG ATGTGCATGG TGGATCCGCA GTTCCAGCAG GCGGGCGCAC 
1151 GAGAGCATGA TCTGTTTTTT GCATCAGATT TTAATTGCGT ACGCAGCTAT 
1201 CTAGCTATAA CACAATATCT TAGAAAATAT ACAGAAAAGA TGACTCGATT 
1251 TACAAGAAGA GCACTCATGC CTCGGATTTC ATTTGCAAGT ACCACTGCAA 
1301 AGTTATGGCG GCTTTTTCTT CACCCCGAGT CAACCCTCAT CCATGAATAC 
 443 
 
1351 CCACCCAGGG GAACGTCTCA AAAACTCTGG GTTATCCAGA CATTCCTTCA 
1401 TCATCCACTG AACTTTCTCC GCGCGAAATG TAGTCTAAGG TGTCTCCTTC 
1451 CCAAGTGGAG TAGGTGCCCA AGCTACTCAA ACCATACTAG AGAACACCAC 
1501 CAGGAGGCGG ACCACGGCAC CTTCTATCGT TTGCGTGTTT TTATAGTGTC 
1551 CCAGCACTCT CGCAAGCGAA GCCTTGGCCT GCACAAAGCT CATTTCGTAA 
1601 AACTCTGCCA AAATTCAAAA TCACACGCCC GTCGAGATTG TATCCATCCT 
1651 CCGAGTCATC TAGTAAACTT GTCCCAATCC TTCTCACGTC TATCCCAAAG 
1701 AACTGTCTCA CAGATTTGTG CGCCACGCTT TGTGTCCCCC GTCGGGTATA 
1751 AATGTCGGCG AGGGTGTCTA TTTGGTGGTC AACTGAGGCC AGAGAATAGT 
1801 TGATGAGAGG TGTGGTCATT GAGACGAGGA TGTACTAGGT CGTACATGCC 
1851 GACTTGATGG GACTAAGGTC GGAGTCGATC TCGTTGGGAG CGAAAAACTC 
1901 ACATGGTGGA GAATTTTGAA TCATTGCCCC CTAGGCCAAC CTCTTTGGTA 
1951 TTGCGAAATT TGACTGAACC TGGCTCTGGG AGAATATTTC ACTCCCAGGT 
2001 TCGTAGAAGG CACCGCGTAC AGGTGTCAGT CTTGCCATCC ATAGGTATCC 
2051 TTTCCATGTA GGCAGAGAAG ACCTATATGT CATGCAATGT CGTAGACTCA 
2101 GACGAGATAT TAAAATGAAT TAATAACGAC TACGTAAAAC ATTACCTTTT 
2151 GGAGCATCTC GTCAGTTGGG ATAACTGCTC GTGGTTACGA CCCATGTAAC 
2201 GTCATGTGAT AGTTGCATTA ATATCCAGAT GCAAATCAAA TCTTCCGTTG 
2251 TTAGCCGTTA AATCACTATA CAAGCCGCAT CAATCTAACT TCGTCATTAA 
2301 AATCAATTAC AGATATG 
 
 
9.12.8: Promoter C00741 (11): 
 
(Relative expression of EST C00741 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-ATCCAGTGCGGCGTCGGT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTATAGGCTGACCTTCTCGTC-3‟ 
Possible Gene Function/Identity: Signal recognition particle 54 kDa protein homolog 
 
1 TTTTATCCAG TGCGGCGTCG GTAATTTCTT TGCTAGCTTC AAGCGCCTTG 
51 AAGCTACGCG CAAGGACAGG ATCACTTCGT TTAGAACTGG AAAGTTTGGC 
101 GTCGAGTATT CTACTCATAG AGTTTGCGAA GACATTCGGA TCATGAGACT 
151 TATTCTTTTT GATAAGATTA GGATTGCTTT TAAGTGAACG TGCTGATCCA 
201 TCGCTTTCTG AATCACTGTT CGATCCATCA GTCACCTCTT CTCCGTCTGA 
251 TTCCTCTAAT TTTCGAAGGT CTAAAGTATG ATCATTAGTA TCGACTTCAG 
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301 AGACTGATTC GGGTGAAGTT TCGTCGTCAG AATCTTGCAG GCTAACTGGT 
351 TTGAAACCTA AGTCTTGATC TTCATCGTCT GACGAACTTT TGTAATGTTG 
401 GTGAGTCCTT ATTTTTTTAG ATGATCGAAT TGACTTCACG TGAGAGCCAT 
451 CTAGAGATTT TCGCTTTTTT GAAATAATTT CTGCCATTTT GTGTGATTGA 
501 TACGTACCTT GCCGAAGTGT GAGCGCGGCG ATTCTAATGA AAATCGGAAG 
551 ACTAGTTTTT CCGGCCCCGC GACCTGAGAT GTAGTAATCA ACTGTCACCC 
601 CTCTACATGG CCACAGAAAC ACCCTAATTC AGATTCGAAT ACAAATATCG 
651 CTATAGTCCG GGGCACCGAA AACACCTTCT CTTTCTAAAT TCCTTAGCTC 
701 ATGCACGAAA CTTCTTCTTT ACGATTTACC GATCTCATTC TCGCAATTAT 
751 CGATACTATC TGTCAGCTTC TCTTCCTCCG CCATAACTTG ACATCTGTAA 
801 AATTTCAAAA TG 
 
9.12.9: Promoter BG22203 (15): 
Cloning Primer Forward: 5‟-TTTCACTTTTAAATTGTGGTTGTTT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTATCCAGTTCACTAGCGTGGTCT-3‟ 
Possible Gene Function/Identity: Glutamate decarboxylase 
 
1 CTAAATTCTG GCTAATATTT CACTTTTAAA TTGTGGTTGT TTAATCTTTT 
51 CCAATAGATG TTGAGGGTCA TGCCCTTACG AACCAGAGTA TGTCGTACCT 
101 TGAGGGCATG AAAATTTCAC CGATAAGCAG CTACTACTGT CGTCAGGAAG 
151 TACTTGAAAG GATTCGCTCT GTGAGTCTAT GTCAAGTACA CCAGAACAGG 
201 GGAAACAGAT CAGCATAGCA CCGCTAATCC ATTGCCCGGT TTTTTCATTA 
251 CCAGTGCGAT TTGTAAAATC TTGTCATTAC TGTAAATCTA GAACACATTG 
301 AGATGTAAGT AACGTGAGAG ACAATATCAT AGCTCCTGCA ACTAAAAGGT 
351 TGGTAATTGA AGGGTGAGAG ATGTGGGGTT TAAAATGAGG ATTCGAATCC 
401 CTGATAGTGG CAGTGTTGGA ATCATACCGT AGCCCCAATT TTGAAGCGGC 
451 GGATAACACT TGGTGCAATT TCATTCCACT TCAATGTGAT GTGGCTCTTT 
501 CGAGTTAGTC AAGAAGGAAG TGAAAGCCCA AATACGACAG CGATGCGGAA 
551 TAGCTAATAA TAATAGTTTC TACGTGATTA TCGCCACTCG CATAAGCGGT 
601 GATGATCTCT TCTAACATGG GTTTGAGGAA CCACTTATTT GATAAATTTA 
651 TATATTGAGA GCATATCTAC TCACCGATAG AAAATCGGCA TAACTATCGT 
701 GTGCGAGACA ACGACCAGAA CAGTTTGTAG GTTGAGATCG AGACGAAAAA 
751 TAGTATCAAC ACTTTCGCTG ACTCGACCCT GGAACTGCTT AAGCCAGCTC 
801 ACTGGCAGGT TCAATCATCA ATCATCAAAT TCCAAACTCC ATATCCTCTG 
851 TATGACGGAA GTTCCAAATC ACCATGGAGT CCAACCATTA CGCATCAGGA 
901 GAACCCCAAG GCCAACCAGA CCACGCTAGT GAACTGGAAG AT 
 445 
 
9.12.10: Promoter C01420 (16):  
 
(Relative expression of EST C01420 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GGAAACTCTCGGCAGCTTTA-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTACTGACGGCCGTAGGTGATAC-3‟ 
Possible Gene Function/Identity: Aconitase (carbohydrate metabolism) 
 
1 GAGTGAGCGG GTAAGACGGT TACTGCCGAA CCCTTGGACT CACTTTTCAT 
51 TTGGAAACTC TCGGCAGCTT TACAATGCCA TTGAGCCATA TAATCAAAGC 
101 TGGAAATTAG GTATTCCTAG ATCGGTAGGT AAGGCTCGAC ATCTGTTATC 
151 CAAAAAATGG ATTGTACCAG GGCGATGAAG CTTTGTAGAC TTCCAACCAA 
201 CACTAAAAGA TCAATCAAAA CCTCGGTGAT GGATATACCA TCTATTTCAT 
251 TCGCACAAAA TCACATTGGC ATGTGTTCAC TTTCTCGATA TATCAAACTC 
301 TAATCCTCAA GTGTTTGCAA GAGGGAAGGT CAAGAACCTA GTTATTCAAG 
351 CAGATCTATA TGATCCTGTA CACAAACACC GCAAAAGGTG AGGTCGAGCG 
401 TTATTGGGTC CGAAATCGCG GGTTTTCAAC GGAAATAGAA TGTGTGCGAA 
451 GATGAAGATA CTGTACTCGA TATTGATTCG TTGATTAATG TATTGTTATC 
501 TTCCTGAGTC TGAGACTGTG GAGGAGGTAC AAGTATACAG CTAATGTATG 
551 GTTTCGTTGA CATTGATCCC ACTGCACTAT TGGTATTCGT AGAATTTGTC 
601 CTACTTTACT CAGGAGGGCT GGCCGTACGT CGTGCAACTC CGATATCAAT 
651 CAAATAATTA TCGGCTTGCG AATTAGAGGC AATAAAAATA AGGATTAAAT 
701 TCACTCGTGA GAGTGTGGGT AGGGATACAC TCCCCGAAGA TAAGGTATCC 
751 TTGGCATGCT GGCAGAAAGG TCCCCCATAA TCTATGAATG AGTTGTATAA 
801 TTTAGGTCAG AGATGGAAAC AAATCATTAA TCTGACTCTG GTTAGATATT 
851 AGGCGCCTCT AGATATATTC TATTGAATCT TGGCTGAAAC ATATATTTCA 
901 GCGAACTCAC ACGTACTATG TTATACTATA CATCAGTTGC GGCTATTTAT 
951 TTGTCTACAT GATTGGCCTG GGATTTACGG CTTGTCTAGT AATATAATCG 
1001 GTCCAATTAT ATCCTAACGA TAACATCACA GCGCATTGAA TTGCCCCTTC 
1051 GCTCATTGGC CGAAGCCGGC TCATGAGCCT AGCTGAAACT TGTTCTCAGT 
1101 AGCACGTTTA GTTTATAAGG CCGATGACAG CTCTTACGCA ATTCCTCCGG 
1151 CACACCCATC TTCTCATCCC TTTCTAAATC TCAACTACAA GATTTTGGCT 
1201 CGTATTTGAC ATCATGTTGG TATCACCTAC GGCCGTCAGG GCCTTTCAGC 




9.12.11: Promoter C01157 (17): 
 
(Relative expression of EST C01157 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GGCCTCCTATAGGCCAAGAC-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTAAGCTCCACCAATAAGGCTGA-3‟ 
Possible Gene Function/Identity: Protein disulfide isomerase precursor  
 
1 GATGTGAAGC ACGATTAGAG CAACGGCCTC CTATAGGCCA AGACTTGAGC 
51 TTTGTATATT GTGACCTAAT TTCCTCCTTG CGGGTATACG TATCATCGTA 
101 ATTTTGTAGT GGGAGATGGC CGATTTTTGA TGAGGTAAAT GCCCGATTGC 
151 AATTGGACTA ACGTCATTAT CGGTATTTGA GGTGAGTTGG TGTATTAAGA 
201 TTGAGATAGA GGGCTCGCGT GAGAATGATA GGTTAAACAT TTGTTGAGAA 
251 ATCGTCGATT TAAGATATGC TTGAGGTTGC TTTCGACTTC GATCTGGATG 
301 CGACTCTACT TGGCTATTCC AGATATGCAG AGCACTCTGA GCGATTAACC 
351 GGCATCACTG GAAGGTAAAA AATTCGTCTT TACTGACCTT ACAATCCTTA 
401 TATTATCTGT TAGCCACTAT TTTAATCCTT TTATTAGACT AGCCAAATTG 
451 TCAATCGCTC ATTCTTGCTT ACCATTGGCC AGCAAAAGGA CATGGATATG 
501 TTCCATATTT TTCGGCCGGG GCACAAATCC TCAAGGTGGT TGCCAAGAAT 
551 AATCAAGCAT GGGTTGTCTA CGGTGTAGCA AGAAAAATTA ATCAAGATGG 
601 AATTTGTCGT TTTGAAGACT ATTTACAGCC TGACAAAATA GTCTCTCTTG 
651 TCGATTTCAG AGTGTACTGT GTAAGATTTA GGTAGGATTA AAATCTTAAC 
701 TCATGGACCT TAAAACAAAA GTAGTTCGAG TTATGTCTGT CTCTTATTCA 
751 AACCAATTGA CCAAAGGGTG TATATTGACC TAGATTTTTC AATTAAACCC 
801 TTAGTGGTAG AGACTGGTCC TTCCCAATTG CAGTAGCATG TATGTGTCTT 
851 TCCGACGCAC AGTGTAAGAA TGCAGTGCTC CGCGTCGACA CCGCTAGTAT 
901 TGAGTGGTTA CCCTATAGTG ATGGCTGGTC CACAATTGGT TATCACGACT 
951 CACTAATTCT GAGGAATTTG TGTTACGCAG TCAATTTTCG TTTCATCCAA 
1001 GCTGTTACGA GTCGAGGAGG TCTTAAAATC TGTTAAATTT TGAGATGGGC 
1051 AAGAGGAAGA TGTAGTAAGC CGCGATGATG TGGAAAGTGG GTGAGAAGAT 
1101 TGTAGGATAT CGCTTCATGT AATCCACATG ACTGAGGTAA ATTTCAACCA 
1151 TTAGATGGTT GTTGCTATAT GCCATGACTC AACCAAAAAT TCAAGCATTT 
1201 ATGGTATGAT TGCAGTTTTG GAGCGGGCAT GATATTACCT CCCACAATGA 
1251 GTATCAATTT ATGTCACGTC TGTGGTCTCT AGAGCCCCAC TTGGACGCTT 
1301 GGCAATTGAT TTGTATCATA ATTTAACTTA ATCAACAGAC ACTTATCCAC 
1351 TAAAGGTAAG ACGTTTTGAC ACTTTAGTAA TTTGCCAGCA GTATCTGAGC 
1401 TGGTTCCACA ATTAACCGAT GGGGCTTAGC TAACTCCTTT CAGCGACTCG 
1451 GTATTTGACA GATCTCATGT TCTTTTTATG GTGCTGTCCA AGCAAGCGAA 
 447 
 
1501 GTCATAAGAA ATTGGCGAGG ACCATTGGAC AAGCTACCGC TATTGTCTAT 
1551 ATAACACCTA AAGGAGACTT CTAGAGACTC TACACACTTG CCGCATTTCT 
1601 GTCGACGGCC CAATATCAAC AGCACTTGTC ACTGTGAGTT CTAAATCATG 
1651 AGCGCGGATA CCCAAACTTA CTCAAGCTAG GCCTCCAAGT TTTCAACATG 
1701 CGGAACCTCT CAACTTTTAT TTTCAGCCTT ATTGGTGGAG CTTCAATTAT 
1751 ATCAGCTGGG ACATCTGAAG TTACTTCGCT CA 
 
 
9.12.12: Promoter D00154 (18): 
 
(Relative expression of EST D00154 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-TCGACAACTTCGGCTCAATCC-3‟ 
Cloning Primer Reverse: 5‟-CCAGCTCCACCAGTCAACCA-3‟ 
Possible Gene Function/Identity: plasma membrane H+-ATPase (pma) gene  
 
1 CAGATCATCC GACGAGCCGG ATAAATGGTA ATAGCAACGA GGTAATGGGA 
51 CAGCCGCGAC TCGTGGTGAC TGGCATCGCG GCGGGCCGAG GGCTTTGCCA 
101 GTACCGCACC CACCAAACTG CCAGCTCATC AACGACTGAA CGCCCTCTGG 
151 GCCTGTAAAC CTGTCTCTTC CATCGCCGCG CCTGCTCCCA TCCGACTCCC 
201 ACAGCCCATC AACTTTCATT CCAGTCGAGT GGACGTCCGA GGGGTGCGTG 
251 CATCTGGCTC CTCGGTGTCG CTAGAGTAAC GTAATCCAAC GTGGTTCAGC 
301 GTTCCCTCGC TGGGAATGAT TCTCAATGCC CACGAAATTG CATCCATTAA 
351 ACCTTCAATT GCACAATTTG CTGTTGACCC GTCCCAATCG TCTCAGTCGA 
401 CACCCCCCCG TCTCAGTCCC CCGTCCCGGA ACAACCCAGA CTCCCAAGTC 
451 TCCCTAAAAG CTCATTTAGT CTGAGAGCGA AATAGACTTC TTGGCACCCT 
501 TCCTGAACAG GTTAGTAGGC TCGCACCCCC CCATTTCATT TTGGGGGGCC 
551 TGCAATGGTG ACTGTCCGGC TTAGTTATTG GGTCAAAGCT ACCCCTGCCC 
601 ACCATGATTT GTAGAAGCTT CATAAGTTCT CTCGCTGCCC CCAACATCTT 
651 TCATCATCCA CCCTCACTTC CGTTGAGTTC GTTCTGCGCC TTGTCAACCG 
701 TTGTCGAGAA GCCCTTTCGT GCCAGTTGTT CCTTCATCTA ATCCCATCCC 
751 CCCGGAGCTC GACTCTGTTC GACCCAATAC CGAATCTGAC ACTCTTCACT 
801 CACTCTTCTT CTTTCTAACC ATGGCCCAAA ATGGTGCCAC CGTCTTCGAG 
851 GAAGATGAAA AACTTGGCGA GTACGGTAAT TTAGTTCGGT ACATATCTAA 
901 TTTTAAGGAT GGGCGACGCA TGTCGACATC GGGAGCATCC ATATTGGATC 





9.12.13: Promoter C01518 (19): 
 
(Relative expression of EST C01518 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-ACTCGCTTTCTCCCATCCTT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTAGGCGACGGTGGTTAAAAAT-3‟ 
Possible Gene Function/Identity: unknown 
 
1 CAGAGGCCCA GCTCCGTGGA TGGCCCTCCG ATTGAGGTGA CTCTAACGGT 
 51 CCATTCGCAC TCGCTTTCTC CCATCCTTCT ATGCTCGCGT CGCCGTTGTC 
101 GTCGGGGCGC AGAAGCTGAG TGTTTGGACC GGGCCCCAGG ACCCCCTCGC 
151 ACTTTCCGTC CCGAGTAGGC CAATTTCACT GAGGCCGGGT GGCCAGGATC 
201 ACGAAGGTTT CGGATGACTC TGTAAACCAC CTGCAACACC CGCTCATCTA 
251 CCACCACACG AGCAAAGGCT GAAGCGAAAG ACGTAACAGT GCGCTGGTAT 
301 AAAGCGTGTG CCCGTCCCTG AGGTCCTTTC AGTTCGGTTT ACAAGTCTCA 
351 ACATTCATTT CAAACTCCAC TATCATTTCT GACAGCAAAG TAACGTCGAT 
401 CTTTACTTCC TGAACCTGGT GCTCACGGTT CGCGTCATTC TTCACACCTT 
451 CTCCACACGC ACCACCTCAC ACCACACGTC CGTAGACAAA ACAATATTCG 
501 AAATGTTTGC TAGATATCTT GTACTTGCAT TTTTAACCAC CGTCGCCATT 




9.12.14: Promoter D0014 (21): 
 
(Relative expression of EST D00014 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer forward: 5‟-CGCTTTCTTCAGTTGCCATT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTACGTATCAGGCTTGACTGCTG-3‟ 
Possible Gene Function/Identity: MepB (metalloproteinase) (protein modification) 
 
1 CGAGCGCTTT CTTCAGTTGC CATTTGAGAC ATCATAAGCT GGTCAAATGT 
51 TAGCTGGCAG GTTTTATGAA TCGGAGGAAT TTCGCGGCAA GCGAGAGAGC 
101 AACAGTCACT TTTACGTGAA CACATTTCTT TGAAGTTCAG GATACCTGAT 
151 AGTTGACAGG GAAATTACGT GATGGAATAA AAGACTTGTG GATGATCATC 
201 CAGCTAAGGA GCCTCTTGTG GATTCCGGCT CTACTGTCAG ATTATAAATG 
251 AGTTTTTACA AATACATTAT TTACCGCTAC CCGTCATTTC TCATTCAAGT 
301 TGTGCTCAGC GATCTAACTA GGTCAATTTT GTGGTCCTTG ATTCATCACT 
351 CTAGCTCCCC TTTGCTCGCG AGTTGTGGGC TGGTAAGTGA CTCAACTACT 
401 TAGATTGAAA ATCCAAGGCT GGATGGCGCA GTGGTATACC GTTCGGGCTG 
451 TTCATCTATA TCTCCCTTCT TTCTCACAGT CGAGGCCAAC TTGATCCAAC 
501 GCACCATTTC CTTATCGGGT GCTGGGTCCG CTCCGTAAAC TCATCGGATG 
551 GCTTCTCCTC TATGATGAAG GGTTGGTGAT GTGAAGGGCT TCGAACCTAC 
601 CGTCTGATCT GATCGTGGCC AGCTTCATGA TAATGGTGAG AGGGGGTTGT 
651 GCTGAGAGAT GAAGGCGGTA CAGACAGCGG AAGCCATTGG GAATCATCAT 
701 CAAAGTGAGG ACTTTGTTAC TCAATCTCGG CTCTGCAGAT TCTACAGTGA 
751 GAGCTGGAGG TTCGTAGGGG ATACCACTGA CAGGTGTTGA GAGCAGTCCC 
801 CCTGCCTTTC CTTGTGGTGG GTATGCACGG AATTAATTTT GCGCCGTAAG 
851 GATTAACATC GAGTGTTATC TGCAAATGAA ATCTGAGTGT AACTATTCCA 
901 AATCTCCACC CGAGTCATAC AATGCAAAAT ACATAAACCG AAAATCTGCA 
951 AGGTCCGAAA GACGTCTAGC CGGGGCATAT GCATAATGTA CTTTGGCCTG 




9.12.15: Promoter D01317 (22): 
 
(Relative expression of EST D01317 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-TTAGTGGAGACTCGTAGAGAGTAACG-3‟ 
Cloning Primer Reverse: 
 5‟-CGTGTCAACTAGTTACACATGAAATAGCCTCAAATCG-3‟ 
Possible Gene Function/Identity: alternative oxidase gene  
 
1 TTAGTGGAGA CTCGTAGAGA GTAACGGAAA TAGTTGGGCA AGGACGAGTC 
51 CGTAATACTT TTCATATGAC TGGCAGCAGA GCCCCTCTAC GTCTGAACGA 
101 GCAAGTGTAT GTCACTACTA CTTAAAACCT CTGAGCGGGA CAGGTCGTGA 
151 CCGAGTCGAC AGCTCAAGGA CTAACTGTTT GATTGGCTGA GCCCACATAT 
201 TCCATGTCTT ATCCCTGTCG AGAACTAACC CCACGATTGA ATGAATCCGT 
251 AGGTCTAATA AGTCAAGACA ATGATCCCCG GAATTGGACA AACACACCTG 
301 TTGCCACTGT ATCCACATGA TGCAGACGTG TTGGAGTCAA CAATCCGCAA 
351 AATCAACTTG CTCAATCTTA AAAATGGGAA TCCGCATGTG CGAGAGAAAA 
401 TCTTCTCCAT ATTAACCGAT ATTTATAGAA GTTTCATTTT GATTTGGCAT 
451 CTCACTTACA GCGCAATAAG TTCAGTTAAT AGAATGGGTG GGTGGTATTA 
501 AATGAATCTA TTTGACCGTT CAAAATACTG TGATTTAAAT TTTGTGTGAT 
551 ATTAGCTGCC TGTCGTTACC ATTAACTAGT CTTGTATTCG CGAAGATGAT 
601 GCGGTCTCCT CGCTCATACT AAAGCCTAGT CAAATCTCAA ACACTAATTT 
651 CCAATGCTGA TAGAGAAGGG AGGGATTATA AAGTTCATAA TTTGAACTAT 
701 ACCTTTTCAT GATAACTAAC AAGAATGGTA GGGCAAACAA GTTGACTTGC 
751 TATGCGAAAA AAGTCGGACA TTTGATGAAT TGAAGAATGA GTATTAGCTG 
801 TCGTATAGCT CTTTAATAAC ACGAAATGGT CCTGATGCCA TTGGTCATCG 
851 GGTATTCGAG GACTTGTTTG CGGCACCGCT GCAGAGGGAT ATCCATGTAG 
901 ACTAGGTCTA TGACATCAAC ATTACATTCA TTACTCTTGC ACGCTTCAAT 
951 TTACGCCATT TTCCATCGGA TTCTCTTCTC CTCGCCACGA ATCTCGACAT 
1001 GGATGGACAT CCAGAACTTG GACCCGAATA TGCCTCCAAT TGACTCTCTA 




9.12.16: Promoter C00209 (25):  
 
(Relative expression of EST D00014 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-CGCAGAGTTCCTGTCAACTT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTATCGCTGCGACTAGAAGAGAA-3‟ 
Possible Gene Function/Identity: Mannosyl-oligosaccharide alpha-1 (mannosidase 
precursor; carbohydrate metabolism) 
 
1 ACGCAGAGTT CCTGTCAACT TATGCTCTAC TACGATCCTG GCTACTAGGC 
51 TGTAGATTAG CCCCAACGCT ATCTATCCCA TGGACAGGGC GAGACTAAGG 
101 CTGACTAACG ACAGCCGCAA CTTGGGCCTT CAAATTTTAT TAGAAAAAGG 
151 AGGATTTGCA ATTTGGTATG GTGGGGAAAA GGGGTACTAA CCCATATAAA 
201 CCTAATCCTC TCCATCTTCG ACGACATCTT ACGCCGAAGC CTTGCCTTCA 
251 GCGTTTTTGT CTACCTCACT CGTTATATAA TACACATAGT CTCTCGTTTG 
301 GTGCTTTTCC GTCACTCACT TACCTGGCCG AAAGGAATCA TCCACCTCCG 
351 GCCATAATAT CCATTTCTCT CTTTCAAAAA TGTATTATTT TTCTCTTCTA 





9.12.17: Promoter C00606 (27): 
 
(Relative expression of EST C00606 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GAAACAATCGGGCAAGAAAC-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTAAACTGGTGCGCTGTAAGACC-3‟ 
Possible Gene Function/Identity: unknown 
 
1 GCCACCTGAA TCTTCGCCAT TTTGGAGATA TATGAAGGTT CAGGCTGAAA 
51 CAATCGGGCA AGAAACCATC GCTGCGAGAC ATGGATTACC TCGTCAGCTT 
101 CCCGGCCCAA AGTCAGGGAG CCGTGTCTGC CATGGGCCTG CCCCTTCCTC 
151 CGCGCGAGCT CAGACTCGGA CGAGTGTCTG GACACCATCA ACCAAGACGC 
201 CAGTCACGAG AGGATTGGCG TGTCCGTCTC GCACAATCTA CAGAGTGGAT 
251 GGTGCTGAGG CGGTGAGAGG ATTCGAGGAT GTGTCGGTAT TTCCGACCCT 
301 TTCGGCAGGT CCAGCGGCAT GAAGATGTGT CTCACGATGG ATCTGGAAGG 
351 GATTTTATTT TTCCTCTGAA GTGTTTGTGG CCTCACTTTA GCTTTTCCTG 
401 CGCCTCCCCT CTCTGCCTGG GGCATCAGTC TCATGATTCC GGCCCCATCA 
451 TAACCACCAA CACGCCCAAC CCACACCATC ACCAACATCA CCACCATCAC 
501 CAACATCACC ACCATCACCA CCATCAACGC CTCACGCATC AACTGCGAGG 
551 CCAAATCCAT TTTTTTTGCT TGTCCACTGG CCATTCCAGC GTGTGGGAAC 
601 CTCGGGCGAG GCGTGCCATT CGACTGCTGT CACTTCGACC ATTGCCGGCC 
651 CGGTCCAAGC GCACCGACAG GCTTAGCCCA CTAAATGCGC TTTTTTTGCA 
701 AATCGGCTAC TCCATCCCTC GCACAAACAC ACACAGACTC GCCCTCTCAC 
751 CTTCGCTCTC AATTCTTCAA GATCTGGCCG ATCTCCTCGC TCAAGAAAAG 
801 GCCGGACGCG ACTGAAATAT TGCCCAATAT CGTTTGCGCC CCCTCCACCC 
851 GCCTGTCAAC CGTTGGCCCA ACTTGACTGT CTCAGCATAT TCCATTCATT 
901 GCTCACTTCT CCCTGCCCTT ACCAGTTCCT GCACTCACTG GACGAATATA 
951 TGTTCCCGCC GCTCAGTTTC GAGTTGGTCG CAACGTGCTC CGTAAGTCTT 
1001 AACCATCCGG AGATACTCCG ATGACGGTCG TCCGTCAGAG AACAATCCCT 
1051 GTCCCACTTC TCTCATTCTG ACCGTTTCCT GCTCCTTTCC AGGCTAACAC 
1101 CGCAGACCAC TAAAGCGCGA GCGGCCACCC TTACCTTACC TCATGGATCG 
1151 GTGTCACTTC CGCTCTTTAT GCCCGTTGCA ACGCAAGCCT CCCTCAAGGG 
1201 TCTTACAGCG CACCAGTTGG AACA 
 453 
 
9.12.18: Promoter C00010 (30): 
 
(Relative expression of EST C00010 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GTTCGACCACCAATTTTCC-3‟ 
Cloning Primer Reverse:  
5‟-CGTGTCAAGCTAGTTAAAATATGGAGAGATGGGTGC-3‟ 
Possible Gene Function/Identity: Fructose biphosphate aldolase 
1 TTAGTGGAGA CTCGTAGAGA GTAACGGAAA TAGTTGGGCA AGGACGAGTC 
51 CGTAATACTT TTCATATGAC TGGCAGCAGA GCCCCTCTAC GTCTGAACGA 
101 GCAAGTGTAT GTCACTACTA CTTAAAACCT CTGAGCGGGA CAGGTCGTGA 
151 CCGAGTCGAC AGCTCAAGGA CTAACTGTTT GATTGGCTGA GCCCACATAT 
201 TCCATGTCTT ATCCCTGTCG AGAACTAACC CCACGATTGA ATGAATCCGT 
251 AGGTCTAATA AGTCAAGACA ATGATCCCCG GAATTGGACA AACACACCTG 
301 TTGCCACTGT ATCCACATGA TGCAGACGTG TTGGAGTCAA CAATCCGCAA 
351 AATCAACTTG CTCAATCTTA AAAATGGGAA TCCGCATGTG CGAGAGAAAA 
401 TCTTCTCCAT ATTAACCGAT ATTTATAGAA GTTTCATTTT GATTTGGCAT 
451 CTCACTTACA GCGCAATAAG TTCAGTTAAT AGAATGGGTG GGTGGTATTA 
501 AATGAATCTA TTTGACCGTT CAAAATACTG TGATTTAAAT TTTGTGTGAT 
551 ATTAGCTGCC TGTCGTTACC ATTAACTAGT CTTGTATTCG CGAAGATGAT 
601 GCGGTCTCCT CGCTCATACT AAAGCCTAGT CAAATCTCAA ACACTAATTT 
651 CCAATGCTGA TAGAGAAGGG AGGGATTATA AAGTTCATAA TTTGAACTAT 
701 ACCTTTTCAT GATAACTAAC AAGAATGGTA GGGCAAACAA GTTGACTTGC 
751 TATGCGAAAA AAGTCGGACA TTTGATGAAT TGAAGAATGA GTATTAGCTG 
801 TCGTATAGCT CTTTAATAAC ACGAAATGGT CCTGATGCCA TTGGTCATCG 
851 GGTATTCGAG GACTTGTTTG CGGCACCGCT GCAGAGGGAT ATCCATGTAG 
901 ACTAGGTCTA TGACATCAAC ATTACATTCA TTACTCTTGC ACGCTTCAAT 
951 TTACGCCATT TTCCATCGGA TTCTCTTCTC CTCGCCACGA ATCTCGACAT 
1001 GGATGGACAT CCAGAACTTG GACCCGAATA TGCCTCCAAT TGACTCTCTA 




9.12.19: Promoter D00573 (31): 
 
(Relative expression of EST D00014 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-CGTTAGATGAGCTCTGGCAG-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAAGCTAGTTACCATCACCGACCAAAACGAG-
3‟ 
Possible Gene Function/Identity: small GTPase RanA 
(Sequence not available) 
 
9.12.20: Promoter D00451 (32): 
 




Cloning Primer forward: 5‟-GAATATTAGTATTGGATGCCAC-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAAGCTAGTTATTTACCCATGAAATACTTGC-3‟ 
Possible Gene Function/Identity: unknown 
(Sequence not available) 
 
9.12.21: Promoter C00056 (35): 
 
(Relative expression of EST C00056 at 0, 4, 8, and 16 h.p.i. on barley, wheat, cellulose and glass) 
 
Cloning Primer Forward: 5‟-GTCTCAACCTCCTCCATGCT-3‟ 
Cloning Primer Reverse: 5‟-CGTGTCAACTAGTTATGTCGAGACAGCCGGATAC-3‟ 
Possible Gene Function/Identity: unknown 
 




9.12.22: Promoter C00879 (7): 
 
 
Cloning Primer Forward: 5‟- TGAGCGATTTCCCTGACTAAA-3‟ 
Cloning Primer Reverse: 5‟- GTGTCAACTAGTTATTCAGATTATGTGTGGTTGATGG 
-3‟ 
Possible Gene Function/Identity: unknown 
 
1 TTGAAGTCCT GAGCGATTTC CCTGACTAAA CGTTGGAAAG GTAATTTCCG AATCAGGAGT 
61 TCGGTAGATT TTTGGTATCT TCTGATTTCA CGTAGGGCGA CGGTACCGGG CTTGTATCCT 
121 GTACATCATG TTTAGCTTTG TTCACAGTAA GATCTAAATG GCTTACTGTG AGGTTTCTTT 
181 ACTCCTCCGG TAGATGGAGC ACTTTTCCGT GCTGCGTTGG ATTAGTGTTT AATTGGTACT 
241 CTAGTCGTTG ATTCTTACCA GCCTTAGAAG CGAGTTGTTT CCGTGGAGCT TTTCCTCCAG 
301 TGGACTGTGG TTGTTAGTAT TAGTCATGGA GTTTAGTGGT TCACATTACT TTTCTAGCTG 
361 TTTGCTTAGT ACGAGCCATC GCGGCTGGAT GTAGACAAAT TTTATTGAGG TTGCTATAGG 
421 TGGTGGAATG TAGTTTGAGA TCGTCGAGTT AGTTGTGTAG TACGGTGGCG ATTGCACAAA 
481 TGGGGAAGAA CACGACCTAT TAAGTACAGC AAATCGCGTT AGCGAGTGAT CGCGGGTGAT 
541 TTATTTTCGC GAGTGCGCAT TGAACCACTT GAGATACATG TAACCAATCA GGGTACACTT 
601 ACGTAAAGTT CTATCTTTGC TATGTGACTA CCGAATACAC CGTCTAGATA CTTTTAACCA 
661 TCTTTTCAAC AATTTCTACT ATAGATCATA GGTTGAAATT TTAATCTGAG TATAAATTGA 
721 GTAGTGTATA ACTCGACTTT TCTAGTGACT GCCTACTAAT GGTTGCAAGT CTTTTTACAG 
781 CCTTGATGTG TCACCCAGGA AATTTGAAAA CGAAATTTGT TGTTTCTAAA TTAGGATTAG 
841 CGTAACATCC TTGTCGGTGA TTCCTTGTGC CACGGATACG GTGATTTGTA ACTACTTATC 
901 ACTCTGACAA CAATCACTCC TGCGCTGACA GAAACACATA AGTAAGCTTA GTATCCGACT 
961 GTATATCGAA AATTACCAAC GAAACATCAT ACATCATCAT TACTACCCCC ATCAACCACA 
1021 CATAATCTGA AAATG 
 457 
 
9.13: Midiprep extraction solutions 
Solution I : 50 mM glucose; 25 mM Tris-Hcl (pH 8.0); 10 mM EDTA (pH 8.0) (prepare 100 
ml, autoclave and store at 4 °C; add RNase to 10 µg/ml final concentration- 1:3000 dilution 
of Sigma RNase stock if applicable).  
 
Solution II: 0.2 N NaOH (ideally freshly diluted from a 5 or 10 N stock); 1 % SDS (stored at 
room temperature to prevent precipitation). 
 
Solution III:  60 ml 5 M potassium acetate; 11.5 ml glacial acetic acid; 28.5 ml H2O. (this 
leads to a resulting solution that is 3 M with respect to potassium and 5 M with respect to 
acetate).   
 
9.14: Magnaporthe oryzae growth media and solutions 
 
Complete Media (1 Litre).  50 ml 20X Nitrate Salts, 1 ml Trace elements, 10 g D-glucose, 2 
g Peptone, 1 g Yeast Extract, 1 g Casein amino acids (Casein Hydrolysate), 1 ml 1000x 
Vitamin Solution, ddH20 to 1 litre. pH= 6.5 (using NaOH) (For solid medium: 15 g agar) 
 
20X Nitrate Salts (1 Litre). 120 g NaNO3, 10.4 g KCl, 10.4 g MgSO4.7H2O, 30.4 g KH2PO4,  
 
1000x Trace Elements (100 ml). 80 ml ddH20 (Hot), 2.2 g ZnSO4.7H2O, 1.1 g H3BO3, 0.5 g 
MnCl2.4H2O, 0.5 g FeSO4.7H2O, 0.17 g CoCl2.6H2O, 0.16 g CuSO4.5H2O, 0.15 g 
Na2MoO4.2H2O, 5 g Na4EDTA, (pH = 5.0, use KOH). Fill to 100 ml with  ddH2O. Filter if 
necessary. 
 
1000x vitamins (100 ml). 0.01 g Biotin, 0.01 g Pyridoxin, 0.01 g Thiamine, 0.01 g 
Riboflavin, 0.01 g PABA (p-amino benzoic acid), 0.01 g Nicotinic Acid. Fill to 100 ml with 
ddH2O. Store at 4 °C. 
 
OM Buffer. 1.2 M MgSO4;  10 mM Na-PO4 (pH 5.8) diluted from a 1.0 M stock of 





ST Buffer (500 ml). 0.6 M Sorbitol (54.66 g); 0.1 M Tris-HCL pH 7.0 (50 ml 1 M); 
(Autoclave). 
 
STC Buffer (500 ml). 1.2 M Sorbitol (109.32 g); 10 mM Tris-HCL pH 7.5 (5 ml 1 M); 10 
mM CaCl2. (Autoclave). 
 
PTC Buffer (100 ml). 60 % PEG 4000 (60 g); 10 mM Tris-HCl pH7.5 (1 ml 1 M); 10 mM 
CaCl2 (1 ml 1 M). 
 









    1 TGAGATCGTC GAGTTAGTTG TGTAGTACGG TGGCGATTGC ACAAATGGGG 
  51 AAGAACACGA CCTATTAAGT ACAGCAAATC GCGTTAGCGA GTGATCGCGG 
 101 GTGATTTATT TTCGCGAGTG CGCATTGAAC CACTTGAGAT ACATGTAACC 
 151 AATCAGGGTA CACTTACGTA AAGTTCTATC TTTGCTATGT GACTACCGAA 
 201 TACACCGTCT AGATACTTTT AACCATCTTT TCAACAATTT CTACTATAGA 
 251 TCATAGGTTG AAATTTTAAT CTGAGTATAA ATTGAGTAGT GTATAACTCG 
 301 ACTTTTCTAG TGACTGCCTA CTAATGGTTG CAAGTCTTTT TACAGCCTTG 
 351 ATGTGTCACC CAGGAAATTT GAAAACGAAA TTTGTTGTTT CTAAATTAGG 
 401 ATTAGCGTAA CATCCTTGTC GGTGATTCCT TGTGCCACGG ATACGGTGAT 
 451 TTGTAACTAC TTATCACTCT GACAACAATC ACTCCTGCGC TGACAGAAAC 
 501 ACATAAGTAA GCTTAGTATC CGACTGTATA TCGAAAATTA CCAACGAAAC 
 551 ATCATACATC ATCATTA 
 
9.15.5: Phylogenetic Analysis Ma (Performed by Dr. Yusanne Ma) 
 
 
X-axis represents basepairs up stream from 3‟-end of selected regulatory region. Y-axis 
represents conservation of sequences. Low values indicate conservation.
 460 
 
9.16: M. oryzae wild-type Strain developing on agar, barley, 
cellulose, and glass 
 
  
Figure 9-1: Development of wild type M. oryzae on barley at 4-16 h.p.i.  
 
A) Spore with developing appressoria on barley at 4 h.p.i. (inset picture shows spore body which was out of 
the plane of focus B) Confocal fluorescence image of germling. C) Emission spectra showing weak returns 
for the selected regions of interest. D) Spore with mature appressorium at 8 h.p.i. E) Fluorescence image F) 
Emission Spectra for regions of interest exhibiting autofluorescence. This quality exhibits itself in the 
creation of noisy, multi maxima returns. G/J) Spore development at 16 h.p.i. on glass with apparent sub-
apical structure. H/K) Confocal fluorescence image of the developing M. oryzae spore. I/L) Emission 
spectra. Inset pictures in images G and J indicate fungal structures at lower magnification. Scale Bar = A, 









Figure 9-3: Mycelial preparation of wild type M. oryzae growing on hygromycin B selective complete 
medium. 
A) Hyphae growing through agar. B) Confocal fluorescence image of hyphae. notation equates to the „Region of 
Interest‟ selected for wavelength analysis. C) Emission spectrum showing weak returns suggestive of 
autofluoresence. Scale Bar = 5 µm.  Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to 






Figure 9-2: Development of wild type M. oryzae on barley at 31 h.p.i.  
M/P) Development of invasive internal hyphae at 31 h.p.i.. N/Q) Fluorescence image of spore infection 
structures at 31 h.p.i. O/R) Emission Spectra demonstrating wither weak returns or maxima at multiple 
wavelengths.  Inset pictures where present indicate fungal structures at lower magnification. Scale Bar = M, 









Figure 9-4: Development of wild type M. oryzae on glass at 4-31 h.p.i.  
 
A) Spore with developing germ tube on glass at 4 h.p.i. B) Confocal fluorescence image of germling. C) 
Emission spectra. D) Spore with two germ tubes at 8 h.p.i. E) Fluorescence image showing weak returns F) 
Emission Spectra. G) Spore development at 16 h.p.i. on glass with elongating, single germ tube. H) Confocal 
fluorescence image of the developing M. oryzae spore. I) Emission spectra. J) Development of complex germ 
tube structures at 31 h.p.i. K) Fluorescence image of spore infection structures at 31 h.p.i., exhibiting strong 
fluorescence L) Emission Spectra suggesting that the fluorescence seen in image K is at non-specific 
wavelengths associated with autofluorescence. Inset pictures indicate fungal structures at lower magnification. 
Scale Bar= A, B) 5 µm D-K) 10 µm approx. Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates 










Figure 9-5: Development of wild type M. oryzae on cellulose at 4 and 8 h.p.i. 
 
 A) Spore with developing germ tube on cellulose at 4 h.p.i. B) Confocal fluorescence image of germling. C) 
Emission spectra. D) Spore with developing appressoria and long germ tube at 8 h.p.i. E) Fluorescence image 
F) Emission Spectra. G) Spore with developing appressoria at 8 h.p.i. H) Confocal fluorescence image of the 
developing M. oryzae spore. I) Emission spectra. Inset pictures indicate fungal structures at lower 
magnification. Scale Bar = A-H) 10 µm approx. Emission spectra axis:  X-axis is wavelength (nm), Y-axis 













































Figure 9-6: Development of wild type M. oryzae on cellulose at 16 and 31 h.p.i.  
J-L) Spore with mature appressorium at 16 h.p.i.. Emission Spectra suggest wavelengths other than that 
seen for GFP are responsible for fluorescence. M-R) Spore with branched network also exhibiting 
autofluorescence at 16 h.p.i. S-W) Germling with pronounced branched network. Fluorescence is strong in 
the region of the mature appressorium, although the accompanying emission spectra suggest 
autofluorescence is the cause.   Y-Zi) Germling at 31 h.p.i with heavily melanised appressorium, exhibiting 
weak fluorescence, again at wavelengths not specific to GFP Fluoresence (i.e. no lone maxima at, or in the 







9.17: M. oryzae pMJK27.2 Strain developing on agar, barley, 
cellulose, and glass 
 
 
Figure 9-7: Mycelial preparation of M. oryzae transformed with pMJK27.2 growing on hygromycin B 
selective complete medium.  
A) Hyphae growing through agar. B) Confocal fluorescence image of hyphae. Green notation equates to the 
„Region of Interest‟ selected for wavelength analysis. C) Emission spectrum showing peak approximately 510 
nm, which accords to the region associated with GFP fluorescence. D) Putative developing conidiophore. E) 
Confocal fluorescence image of developing conidiophores. F) Emission spectrum indicating a peak near 510 
nm. G) Mature M. oryzae spore. H) Confocal fluorescence image of mature M. oryzae spore. This equates to the 
baseline activity of the pMJK27.2 promoter at 0 Hours on all surfaces.  I) Emission spectra, with emission 
maxima at 507-510 nm, suggesting that the fluorescence in all compartments of the conidium is due to the 
presence of GFP. Scale Bar = 10 µm.  Emission spectra axis:  X-axis is wavelength (nm), Y-axis equates to 










Figure 9-8: Development of M. oryzae transformed with pMJK27.2 developing on barley leaf epidermis at 
4, 8, 16 h.p.i.  
A) Spore with developing appressorium on barley at 4 h.p.i. B) Confocal fluorescence image of germling, with 5 
regions of interest highlighted C) Emission spectra with peaks clustering at 510 nm. D) Spore with developing 
appressorium at 8 h.p.i. E) Fluorescence image F) Emission spectra suggesting the presence of GFP in cellular 
compartments. G) Spore development with melanised appressorium and invasive hyphae present at 16 h.p.i. on 
barley. H) Confocal fluorescence image of the developing M. oryzae spore I) Emission spectra with maxima at 
508 nm approx suggesting GFP presence in the invasive hyphae. Scale Bar = A-B) 5 µm, D-H) 8 µm.  Emission 















Figure 9-9: Development of M. oryzae transformed with pMJK27.2 developing on barley leaf epidermis at 
16 and 31 h.p.i.  
Gii) Spore, featured in G at a different focal plane, showing development with melanised appressorium and 
invasive hyphae present at 16 h.p.i. on barley. J) Emission spectra with peaks clustering at 510 nm. L/O) Spore 
with developing appressorium and invasive hyphae at 31 h.p.i. M/P) Confocal fluorescence image of germling 
with regions of interest labelled. N/Q) Emission spectra showing weak, noisy peaks with maximums at 
approximately 510 nm. Scale Bar Gii/J) = 8 µm, L-P) 5 µm. Inset pictures indicate fungal structures at lower 








Figure 9-10: Development of M. oryzae transformed with pMJK27.2 on cellulose at 4 and 8 h.p.i.  
A) Spore with developing germ tube on cellulose at 4 h.p.i. Dashed lines indicate different focal planes. B/D) 
Confocal fluorescence image of germling. C/E) Emission spectra. F) Spore with developing appressorium and 
long germ tube at 8 h.p.i. G) Fluorescence image H) Emission spectra. I) Spore with elongated germ tube and 
developing appressorium at 8 h.p.i. J/L) Confocal fluorescence image of the developing M. oryzae spore. K/M) 
Emission spectra. Inset pictures indicate fungal structures at lower magnification. Scale Bar = A-G, J/L) 8 µm 






Figure 9-11: Development of M. oryzae transformed with pMJK27.2 on cellulose at 16 and 31h.p.i.  
N/Q) Spore with developing, branched germ tube on cellulose at 16 h.p.i. O/R) Confocal fluorescence image of 
germling. P/S) Emission spectra. T/W) Spore with elongated and branched germ tubes at 31 h.p.i. U/X) 
Fluorescence image V/Y) Emission spectra. Inset pictures indicate fungal structures at lower magnification. 
Scale Bar = N-R, U-X) 5 µm approx, T) 10 µm. Inset pictures indicate fungal structures at lower magnification. 









Figure 9-12: Development of M. oryzae transformed with pMJK27.2 on glass at 4 and 8 h.p.i. 
A) Spore with developing germ tube on glass at 4 h.p.i. B) Confocal fluorescence image of germling. C) 
Emission spectra showing strong peaks at approximately 510nm. D) Spore with two germ tubes at 8 h.p.i. E/G) 
Fluorescence image showing weak returns F/H) Emission Spectra. Scale Bar = A, B) 8 µm D-G) 10 µm approx. 






Figure 9-13: Development of M. oryzae transformed with pMJK27.2 on glass at 16 and 31 h.p.i.  
I) Spore with developing germ tubes on glass at 16 h.p.i. J) Confocal fluorescence image of germling. K) 
Emission spectra. L/O) Spore with long and elongated two germ tubes at 31 h.p.i. exhibiting strong fluoresence 
M/P) Fluorescence image N/Q) Emission Spectra. Inset pictures indicate fungal structures at lower 
magnification. Scale Bar = I, J) 8 µm D-K) 10 µm approx. Emission spectra axis:  X-axis is wavelength (nm), 















9.18: Analysis of CMEG promoter driven GFP expression. 
EST C00879 isolate „C‟ Behaviour on Barley normalised against the M. oryzae Actin Gene. 
 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 50.630 2 25.315 1.938 .224 
Within Groups 78.390 6 13.065   
Total 129.019 8    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 11.657 2 3.105 .036 
a. Asymptotically F distributed. 
 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 




4 h.p.i. -.91200 3.59095 .966 -19.3195 17.4955 
16 h.p.i. -5.42500
*
 1.03990 .034 -10.0753 -.7747 
4 h.p.i. 
dimension3 
0 h.p.i. .91200 3.59095 .966 -17.4955 19.3195 





 1.03990 .034 .7747 10.0753 
4 h.p.i. 4.51300 3.48619 .518 -15.4249 24.4509 





EST C00879 isolate „A‟ Behaviour on Barley normalised against the M. oryzae Actin Gene 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 26.580 2 13.290 5.531 .043 
Within Groups 14.416 6 2.403   
Total 40.996 8    
 
 




 (I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 





4 h.p.i. -1.18667 1.26561 .639 -5.0699 2.6966 
16 h.p.i. -4.09100
*
 1.26561 .041 -7.9742 -.2078 
4 h.p.i. 
dimension3 
0 h.p.i. 1.18667 1.26561 .639 -2.6966 5.0699 





 1.26561 .041 .2078 7.9742 
4 h.p.i. 2.90433 1.26561 .133 -.9789 6.7876 
















EST C00879 isolate „A‟ Behaviour on Barley normalised against the M. oryzae homologue of 
the NADH Ubiquinone Oxidoreductase. 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 







 Sum of Squares df Mean Square F Sig. 
Between Groups 41.768 2 20.884 8.706 .017 
Within Groups 14.393 6 2.399   












(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 




4 h.p.i. .02567 1.26459 1.000 -3.8544 3.9058 
16 h.p.i. -4.55700
*
 1.26459 .026 -8.4371 -.6769 
4 h.p.i. 
dimension3 
0 h.p.i. -.02567 1.26459 1.000 -3.9058 3.8544 
16 h.p.i. -4.58267
*





 1.26459 .026 .6769 8.4371 
4 h.p.i. 4.58267
*
 1.26459 .026 .7026 8.4628 
*. The mean difference is significant at the 0.05 level. 
 
 




Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 




 Sum of Squares df Mean Square F Sig. 
Between Groups 79.457 2 39.729 5.792 .040 
Within Groups 41.157 6 6.860   
Total 120.615 8    
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 5.081 2 3.945 .081 
a. Asymptotically F distributed. 
 




(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 




8 h.p.i. 6.14700 2.13846 .064 -.4144 12.7084 
16 h.p.i. -.30133 2.13846 .989 -6.8627 6.2601 
8 h.p.i. 
dimension3 
4 h.p.i. -6.14700 2.13846 .064 -12.7084 .4144 
16 h.p.i. -6.44833 2.13846 .053 -13.0097 .1131 
16 h.p.i. 
dimension3 
4 h.p.i. .30133 2.13846 .989 -6.2601 6.8627 














EST C00879 isolate „C‟ Behaviour on Cellulose normalised against the M. oryzae Actin 
Gene. 
 
Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 103.031 2 51.516 33.571 .001 
Within Groups 9.207 6 1.535   
Total 112.238 8    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 42.170 2 3.093 .006 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 






 1.01145 .010 1.4119 7.6187 
16 h.p.i. -3.76100
*





 1.01145 .010 -7.6187 -1.4119 
16 h.p.i. -8.27633
*





 1.01145 .023 .6576 6.8644 
4 h.p.i. 8.27633
*
 1.01145 .000 5.1729 11.3797 
*. The mean difference is significant at the 0.05 level. 
 
 





Test of Homogeneity of Variances 
Expression 
Levene Statistic df1 df2 Sig. 





 Sum of Squares df Mean Square F Sig. 
Between Groups 28.999 2 14.500 3.054 .122 
Within Groups 28.490 6 4.748   
Total 57.490 8    
 
 
Robust Tests of Equality of Means 
Expression 
 Statistica df1 df2 Sig. 
Welch 4.060 2 3.534 .121 
a. Asymptotically F distributed. 
 





(I) VAR00001 (J) VAR00001 Mean 
Difference (I-J) Std. Error Sig. 
95% Confidence Interval 




8 h.p.i. 3.75233 1.77921 .168 -1.7068 9.2115 
16 h.p.i. 3.86100 1.77921 .156 -1.5981 9.3201 
8 h.p.i. 
dimension3 
4 h.p.i. -3.75233 1.77921 .168 -9.2115 1.7068 
16 h.p.i. .10867 1.77921 .998 -5.3505 5.5678 
16 h.p.i. 
dimension3 
4 h.p.i. -3.86100 1.77921 .156 -9.3201 1.5981 























―The possibility of physical and mental collapse is now very real. No sympathy for the Devil, keep 
that in mind. Buy the ticket, take the ride.‖ 
 
 
―There was only one road back to L.A. - U.S. Interstate 15. Just a flat-out high speed burn through 
Baker and Barstow and Berdoo. Then onto the Hollywood Freeway, and straight on into frantic 
oblivion. Safety. Obscurity. Just another freak, in the freak kingdom.‖ 
 






















Sequences Homologous to the Protein of EST C00009 and ClustalW alignment 
  

























>gi|154319131|ref|XP_001558883.1| hypothetical protein BC1G_02517 






>gi|156063466|ref|XP_001597655.1| hypothetical protein SS1G_01851 


























>gi|116180556|ref|XP_001220127.1| hypothetical protein CHGG_00906 





>gi|303323757|ref|XP_003071870.1| conserved hypothetical protein 



















>gi|315046376|ref|XP_003172563.1| extracellular matrix protein [Arthroderma 












>gi|296806021|ref|XP_002843830.1| extracellular matrix protein [Arthroderma 






>gi|212545733|ref|XP_002153020.1| extracellular matrix protein, putative 






>gi|17902242|gb|AAL47843.1|AF450092_1 extracellular matrix protein 






>gi|295665498|ref|XP_002793300.1| hypothetical protein PAAG_04829 



























>gi|226291043|gb|EEH46471.1| hypothetical protein PADG_02569 






>gi|225679324|gb|EEH17608.1| hypothetical protein PABG_00171 






>gi|303323345|ref|XP_003071664.1| GPI anchored serine-threonine rich 






>gi|119189099|ref|XP_001245156.1| hypothetical protein CIMG_04597 





























>gi|242820427|ref|XP_002487508.1| extracellular matrix protein, putative 






>gi|322699113|gb|EFY90877.1| extracellular matrix protein precursor 






>gi|296811328|ref|XP_002846002.1| extracellular serine-threonine rich 






>gi|145253040|ref|XP_001398033.1| extracellular matrix protein [Aspergillus 






>gi|302923014|ref|XP_003053586.1| hypothetical protein NECHADRAFT_102374 






>gi|295663867|ref|XP_002792486.1| GPI anchored serine-threonine rich 






>gi|320031823|gb|EFW13781.1| hypothetical protein CPSG_09648 [Coccidioides 






>gi|225677966|gb|EEH16250.1| GPI anchored serine-threonine rich protein 






>gi|240279599|gb|EER43104.1| GPI anchored serine-threonine rich protein 













>gi|322708836|gb|EFZ00413.1| extracellular matrix protein precursor 






>gi|226287287|gb|EEH42800.1| GPI anchored serine-threonine rich protein 






>gi|169595724|ref|XP_001791286.1| hypothetical protein SNOG_00605 



















>gi|225562786|gb|EEH11065.1| GPI anchored serine-threonine rich protein 













>gi|145255109|ref|XP_001398865.1| extracellular serine-threonine rich 






>gi|70997816|ref|XP_753640.1| extracellular serine-threonine rich protein 






>gi|159126627|gb|EDP51743.1| extracellular serine-threonine rich protein 






>gi|67522150|ref|XP_659136.1| hypothetical protein AN1532.2 [Aspergillus 





>gi|67527334|ref|XP_661653.1| hypothetical protein AN4049.2 [Aspergillus 





 >gi|121713398|ref|XP_001274310.1| extracellular serine-threonine rich 






>gi|169771247|ref|XP_001820093.1| extracellular serine-threonine rich 






>gi|119497047|ref|XP_001265292.1| GPI anchored serine-threonine rich 






>gi|159130594|gb|EDP55707.1| GPI anchored serine-threonine rich protein 






>gi|70990528|ref|XP_750113.1| GPI anchored serine-threonine rich protein 













>gi|259486856|tpe|CBF85054.1| TPA: extracellular matrix protein, putative 





>gi|119479323|ref|XP_001259690.1| extracellular serine-threonine rich 






>gi|261196712|ref|XP_002624759.1| GPI anchored serine-threonine rich 






>gi|239609583|gb|EEQ86570.1| GPI anchored serine-threonine rich protein 




















CLUSTAL W (1.81) multiple sequence alignment 
 
 
1_Coccidioides_posadasii_C735_      -------------------------------MHFFRTLLAAAALIASTVA 
1_Coccidioides_posadasii            ------------------------------------------------VA 
1_Coccidioides_immitis_RS           -------------------------------MHFFRTLLAAAALIASTVA 
3_Coccidioides_posadasii_str._      -------------------------------MHFFRTLLAAAALIASTVA 
1_Uncinocarpus_reesii_1704          -------------------------------MHFFKTLLAGAALVASTAA 
Arthroderma_gypseum_CBS_118893      -------------------------------MQLFKTLLAGAALIAAVAA 
1_Arthroderma_otae_CBS_113480       -------------------------------MHFFKTLIAGAALVASVVA 
2_Paracoccidioides_brasiliensi      -------------------------------MHLVKALVASALLVAAAVA 
3_Paracoccidioides_brasiliensi      -------------------------------MHLVKALVASALLVAAAVA 
1_Paracoccidioides_brasiliensi      -------------------------------MHLVKALVASALLVATAVA 
2_Ajellomyces_capsulatus_H88        ----------------------------------MKSLLASALLVAAAVA 
3_Ajellomyces_capsulatus_H143       ----------------------------------MKSLLASALLVAAAVA 
1_Ajellomyces_capsulatus_G186A      ----------------------------------MKSLLASALLVAAAVA 
1_Ajellomyces_dermatitidis_ER-      -------------------------------MHLMKSLLASALLVAAAVA 
2_Ajellomyces_dermatitidis_SLH      -------------------------------MHLMKSLLASALLVAAAVA 
Penicillium_marneffei_ATCC_182      -------------------------------MAPVKYIFVSAGLLVSVMA 
Talaromyces_stipitatus_ATCC_10      -------------------------------MAPVKYFFIGAGLLMSAMA 
1_Aspergillus_nidulans_FGSC_A4      -------------------------------MHPLRPLLATWACLAQP-- 
3_Aspergillus_nidulans_FGSC_A4      -------------------------------MHPLRPLLATWACLAQVSF 
1_Aspergillus_niger_CBS_513.88      -------------------------------MRFTEAIVAFAACLAQVQI 
Aspergillus_terreus_NIH2624         -------------------------------MHCLRTLFTIGACLAYASL 
Penicillium_chrysogenum_Wiscon      -------------------------------MHFSKSVLAVTASLVSLGL 
Leptosphaeria_maculans              --------------------------------MRFESIFAGAALIAAAIA 
Botryotinia_fuckeliana_B05.10       ----------------------------------MQFSTLFLAAAAATLA 
Sclerotinia_sclerotiorum_1980       ----------------------------------MQFSNLFLAAAAATLA 
bgh05886                            ----------------------------------MQTFGAVFVAALIALS 
1_Glomerella_graminicola_M1.00      ----------------------------------MKTFASVLVASFAALA 
Gibberella_zeae_PH-1                ---------------------------------MKYTIATIAAFATMALA 
Fusarium_oxysporum_f._sp._lyco      ---------------------------------MKYTLATIAALASVALA 
Nectria_haematococca_mpVI_77-1      ---------------------------------MKYTFATIAAFASVALA 
Metarhizium_acridum_CQMa_102        ---------------------------------MKCALVISALAALVAAA 
Metarhizium_anisopliae_ARSEF_2      MHGDVGSSPAWLSSLTRLSFAHFTVICRLPFFEMKYALVISALAALAAAA 
Chaetomium_globosum_CBS_148.51      ---------------------------------MKFSFGTVLALAAAVLA 
Magnaporthe_oryzae_70-15            ---------------------------------MKFTLSACVAVLAAIAE 
Grosmannia_clavigera_kw1407         ---------------------------------MKFSITAALASLAAAAN 
Verticillium_albo-atrum_VaMs.1      ---------------------------------MKYSVAVTLAALVAYVQ 
2_Coccidioides_posadasii_C735_      ------------------------MKFTAIVLSALVAVASAIRQPDYSQP 
2_Coccidioides_immitis_RS           ------------------------MKFTAIVLSALVAVASAIRQPDYSQP 
2_Uncinocarpus_reesii_1704          ------------------------MKFTAAVFTALVAVVAAVRQPDYSKP 
4_Paracoccidioides_brasiliensi      ------------------------MKFSACIVAAFAAIAAAYTPPDTSKP 
5_Paracoccidioides_brasiliensi      ------------------------MKFSACIVAAFAAVAAAYTPPDTSKP 
6_Paracoccidioides_brasiliensi      ------------------------MKFSACIVAAFAAIAAAYTPPDTSKP 
4_Ajellomyces_capsulatus_H143       ------------------------MKFIATVAVAFAALAAASTKPDYSQL 
5_Ajellomyces_capsulatus_G186A      ------------------------MKFIATVAVAFAALAAASTKPDYSQL 
6_Ajellomyces_capsulatus_NAm1       ------------------------MKFIATVAVAFAALAAASTEPDYSQL 
3_Ajellomyces_dermatitidis_SLH      ------------------------MKFIGAVVAAFAALAAAATDPDYSQP 
4_Ajellomyces_dermatitidis_ER-      ------------------------MKFIGAVVAAFAALAAAATDPDYSQP 
2_Arthroderma_otae_CBS_113480       -------------------------MKFTLLVAAFAAVVSAVTPPDVSQP 
Zea_mays                            -----------------------MRFFSTALVSALAALASAYTQPDYSQS 
Aspergillus_kawachii                -----------------------MRFFTTALVSALAALASAYTQPDYSQS 
2_Aspergillus_niger_CBS_513.88      -----------------------MRFFTTALVSALAALASAYTQPDYSQN 
3_Aspergillus_fumigatus_A1163       ------------------------MRFVTVAISALVAMASAYTQPDYSKP 
4_Aspergillus_fumigatus_Af293       ------------------------MRFVTVAISALVAMASAYTQPDYSKP 
1_Neosartorya_fischeri_NRRL_18      ------------------------MRFATVALSALVAMASAYTQPDYSKS 
2_Aspergillus_nidulans_FGSC_A4      -----------------------MRFFSTGLISALVAMATAYTTPDYSVG 
Aspergillus_oryzae_RIB40            -----------------------MRFSIFGALTALAALATAHTDPDYSQG 
1_Aspergillus_fumigatus_Af293       -----------------------MRLSIASVVSCLAALAMAATKPDYTQD 
2_Aspergillus_fumigatus_A1163       -----------------------MRLSIASVVSCLAALAMAATKPDYTQD 
2_Neosartorya_fischeri_NRRL_18      -----------------------MRLSIASVVSCLAALAMAATKPDYTQD 
Aspergillus_clavatus_NRRL_1         -----------------------MRLSLATVFSALAALASAYTTPDYTKN 
Phaeosphaeria_nodorum_SN15          ------------------------MFAQTAIVALFAGLAAAQHAP--VGE 
                                                                                       
 
1_Coccidioides_posadasii_C735_      QG-ELAFTSFPSD-VQVGKPVTVTWAGGDATKPVTIKLRKGPSDDLKDIA 
1_Coccidioides_posadasii            QG-ELAFTSFPSD-VQVGKPVTVTWAGGDATKPVTIKLRKGPSDDLKDIA 
1_Coccidioides_immitis_RS           QS-ELAFTSFPSD-VQVGKPVAVTWAGGDATKPVTIKLRKGPSDDLKDIA 
3_Coccidioides_posadasii_str._      QG-ELAFTSFPSD-VQVGKPVTVTWAVGDATKPVTIKSRKG------TIV 
1_Uncinocarpus_reesii_1704          QA-RLAFTSFPSN-VQVGKPVVVTWSGGIPTKPVTITLRKGPSDDLKDVA 
Arthroderma_gypseum_CBS_118893      E--KLAFTSFPSG-LTAGQPFTVTWTGGNADLPVTITLRHGPSDDLKDVS 
1_Arthroderma_otae_CBS_113480       QG-KISFTSFPSS-LQAGKPCEITWTGGNPQAPVTITLRKGESTNLKDVA 
2_Paracoccidioides_brasiliensi      Q--GISFTSFPDK-VQVGDPVTVTWTGG-TGAPVTITLRRGPREDLKDVQ 
3_Paracoccidioides_brasiliensi      Q--GISFTSFPDK-VQVGDPVTVTWTGG-TGAPVTITLRRGPREDLKDVQ 
1_Paracoccidioides_brasiliensi      Q--GISFTSFPDN-VQVGEPVTVTWTGG-TGAPVTITLRKGPREDLRDVQ 
2_Ajellomyces_capsulatus_H88        Q--GISFTSFPED-VQVGKPVTVTWTGG-TGEPVTIKLLKGLSTDLKEVE 
3_Ajellomyces_capsulatus_H143       Q--GISFTSFPED-VQVGKPVTVTWTGG-TGEPVTIKLLKGLSTDLKEVE 
1_Ajellomyces_capsulatus_G186A      Q--GISFTSFPED-VQVGKPVTVTWTGG-TGEPVTIKLLKGLSTDLKEVE 
1_Ajellomyces_dermatitidis_ER-      Q--KISFTSFPED-VQAGEPVTVTWTGG-SDEPVTITLMKGLSKDLQEVE 
2_Ajellomyces_dermatitidis_SLH      Q--KISFTSFPED-VQAGEPVTVTWTGG-SDEPVTITLMKGLSKDLQEVE 
Penicillium_marneffei_ATCC_182      DY--VAFTEWPAA-LVAGEPVMLRWMG-GNGAPATITLRKGQSTDLQDVQ 
Talaromyces_stipitatus_ATCC_10      DY--VAFTEWPAS-LTAGQPVTLKWVG-GGDAPFTITLRKGASTDLHDVQ 
1_Aspergillus_nidulans_FGSC_A4      ---------------------------------VTITLRQGPAGNLRTLK 
3_Aspergillus_nidulans_FGSC_A4      A--AVSFTKWPTT-IHTGKPATVYWKG-DSDTPVTITLRQGPAGNLRTLK 
1_Aspergillus_niger_CBS_513.88      AQAALAFTHWPSS-LDAGVPTTLNWET-DSDAPVTITLRKGAAADLDTVQ 
Aspergillus_terreus_NIH2624         IN-ALAFTNWPAL-VISGEPVTIAWAGGDPAAPTTLTLRKGESANLHEIK 
Penicillium_chrysogenum_Wiscon      AADPLSFTSWPKEPLEPGKPVTLTWTGATPDEPVTILLRQGNAGNLQDVK 
Leptosphaeria_maculans              QN--IAINSFPADGVVGGRTYEVTYSP-ADDVPTTFILRQGPSTNLNTIS 
Botryotinia_fuckeliana_B05.10       SAVKLTN---ADFAVTAGSPFNITWAD--AEGPVTLLLKNGPSTSLTTVS 
Sclerotinia_sclerotiorum_1980       SAVQLTN---PSFEVTAGSPFNITWSD--AQGPVTLVLMNGPSTSLSTVS 
bgh05886                            EAARLTNTADQYNDVKAGQPYKITWEN--AAGPVTILLKNGPSTHLQTVS 
1_Glomerella_graminicola_M1.00      QAVKLTN---SNYDVEAGQPFTITWSD--AQGPVTLTLKNGPSTNLVTVQ 
Gibberella_zeae_PH-1                -KPAFLN---TDFALTEGKPYTIRYSG--CDSGCTIILQNGESTDLKDYK 
Fusarium_oxysporum_f._sp._lyco      -KPAFLN---TEFDLTEGKPYTIRYSG--CDDGCTIVLQNGPSDDLSDYK 
Nectria_haematococca_mpVI_77-1      -QPAFLN---SKFDVQEGKPFTIKYSG--CEGGCTITLQNGKSTDTKDVE 
Metarhizium_acridum_CQMa_102        DKPKFLN---SNFQVIEGKQFTLEYDG--CVGGCTIVLQNGPQNNLKDVK 
Metarhizium_anisopliae_ARSEF_2      EKPKFLN---SNFQITEGQSFDLKFDG--CEGGCTITLQDGPNTNLKDYK 
Chaetomium_globosum_CBS_148.51      -QPKFTN---SNFEVEEGEPFTLTWNN--AEGPVTITLVHGPEKNLQPVT 
Magnaporthe_oryzae_70-15            ARVQFTN---SNFVVEAGKPFELTWSG--ATGPVTISLKDGPSTNLRTVE 
Grosmannia_clavigera_kw1407         AKVAFTN---ANFVVTPGKPFTLTWSG--NTGDVTIVFATGAFTDLTPVE 
Verticillium_albo-atrum_VaMs.1      AKAEFTNTQADFAAISAGEDFTLTWSG--AEGPVTILLKTGPSDDLTTVE 
2_Coccidioides_posadasii_C735_      PKGNAISKPGLDEQVVAGEEYTITWDAD-SPGPISIQLLRGPSENVKPIA 
2_Coccidioides_immitis_RS           PKGNAISKPSLDEQVVAGEEYTITWDAD-SPGPISIQLLRGPSENVKPIA 
2_Uncinocarpus_reesii_1704          PHGNPIALPGLAEQVPAGQEYTITWTPT-SPGPVSIQLLRGPSENVVPIQ 
4_Paracoccidioides_brasiliensi      PSGNPISRPGLLELVPVGQPYTITWQPS-TPGKVSLLLLRGPSNNVKYLD 
5_Paracoccidioides_brasiliensi      PSGNPISRPGLLELVPVGQPYTITWQPS-TPGKVSLLLLRGPSNNVKYLA 
6_Paracoccidioides_brasiliensi      PSGNPISRPGLLELVPVGQPYTITWQPS-TPGKVSLLLLRGPSNNVKYLA 
4_Ajellomyces_capsulatus_H143       PTGNPIALPGLNDIVPVGQPYTIKWQPT-TDGEVSLILLRGPSTNVKPIG 
5_Ajellomyces_capsulatus_G186A      PTGNPIALPGLNDIVPVGQPYTIKWQPT-TDGEVSLILLRGPSTNVKPIG 
6_Ajellomyces_capsulatus_NAm1       PTGNPIALPGLNDIVPVGQPYTITWQPT-TDGEVSLILLRGPSNNVKPIG 
3_Ajellomyces_dermatitidis_SLH      PFGNPIASPGLNEIVPVGEPYTIKWTPT-TDGEVSLILLRGPSTNVKPIG 
4_Ajellomyces_dermatitidis_ER-      PFGNPIASPGLNEIVPVGEPYTIKWTPT-TDGEVSLILLRGPSTNVKPIG 
2_Arthroderma_otae_CBS_113480       PSGNPIMTPGLDQQVPVGKPFSITWQPT-THGRVSILLLRGPSTNVRPIS 
Zea_mays                            PTGNAILTPELNQIVPAGKPFEITWDPT-TSGSVSLVLLRGPSTNVVPLE 
Aspergillus_kawachii                PTGNAILTPELNQIVPAGKPFEITWDPT-TSGSVSLVLLRGPSTNVVPLE 
2_Aspergillus_niger_CBS_513.88      PTGNAILTPELNQVVPAGKPFEITWDPT-TSGTVSLVLLRGPSTNVVPIQ 
3_Aspergillus_fumigatus_A1163       PQGNAILKPGLNEQVPVGKPYTITWDPT-TEGPVSLVLLRGPSTNVVPLS 
4_Aspergillus_fumigatus_Af293       PQGNAILKPGLNEQVPVGKPYTITWDPT-TEGPVSLVLLRGPSTNVVPLS 
1_Neosartorya_fischeri_NRRL_18      PQGNAILKPGLNEQVPVGKPYTITWDPT-TQGPVSLVLLRGPSTNVVPLS 
2_Aspergillus_nidulans_FGSC_A4      PSGNAILAPGLQEQVPAGKPYTITWDPT-TEGSVSLVLLRGPSTNVQPLY 
Aspergillus_oryzae_RIB40            PTGNPIYTPGLNEAVPVGKPYAITWGPT-TEGTVSLVLLRGESTNMQTLE 
1_Aspergillus_fumigatus_Af293       PTGNAILKPGLNELVPAGKPYTITWDPT-TTGPVSLVLLRGPSTNVVPIE 
2_Aspergillus_fumigatus_A1163       PTGNAILKPGLNELVPAGKPYTITWDPT-TTGPVSLVLLRGPSTNVVPIE 
2_Neosartorya_fischeri_NRRL_18      PTGNAILKPGLNELVPAGKQYTIEWDPT-TTGPVSLVLLRGPSTNVVPIE 
Aspergillus_clavatus_NRRL_1         PTGNAILQPGLNERVAAGKQYTIKWTPT-TEGPISLVLLRGPSTNVVPLE 
Phaeosphaeria_nodorum_SN15          PKGNPITRP-LLEVVPACKPFEITWQPT-TSNSVSLVLLRGPSTNVVPIS 
                                                                      ::    *          
 
1_Coccidioides_posadasii_C735_      VLTSSA-TGGSYTWTPSSSLVDGDDYALQINQGSD------INYTNLFSI 
1_Coccidioides_posadasii            VLTSSA-TGGSYTWTPSSSLVDGDDYALQINQGSD------INYTNLFSI 
1_Coccidioides_immitis_RS           VLTSSA-TGGSYTWTPSSSLVDGDDYALQINQGSD------INYTNLFSI 
3_Coccidioides_posadasii_str._      MTCSSA-TGGSYTWTPSSSLVDGDDYALQINQGSD------INYTNLFSI 
1_Uncinocarpus_reesii_1704          VLTSTA-TGGTFTWTPSSSLVDGPDYALQISQGSE------INYTNLFPI 
Arthroderma_gypseum_CBS_118893      ILTSSA-TGGSYTFTPSTSLVSGTDYALQISQGSE------INYTGLFTI 
1_Arthroderma_otae_CBS_113480       VLTSSA-TGGRYTFTPSTSLVNGPDYALQISQGGE------INYTGLFTI 
2_Paracoccidioides_brasiliensi      ILTTSG-KGGSFTWTPGSELENGNNYALQISQGTD------VNYGSLFSI 
3_Paracoccidioides_brasiliensi      ILTTSG-KGGSFTWTPGSELENGNNYALQISQGTD------VNYGSLFSI 
1_Paracoccidioides_brasiliensi      VLTTSG-KGGSFTWTPDSDLANGNNYALQISQGTD------VNYGSLFSI 
2_Ajellomyces_capsulatus_H88        TLTTTG-KDGSFTWTPTSSLVNGDDYALKVEQGDE------INYTNQFDI 
3_Ajellomyces_capsulatus_H143       TLTTTG-KDGSFTWTPTSSLVNGDDYALKVEQGDE------INYTNQFDI 
1_Ajellomyces_capsulatus_G186A      TLTTTG-KDGSFTWTPTSSLVNGDDYALKVEQGDE------INYTNQFDI 
1_Ajellomyces_dermatitidis_ER-      TLTTSG-QDGAFTWTPESDIVNGDDYALRISQGDE------VNYTNLFDV 
2_Ajellomyces_dermatitidis_SLH      TLTTSG-QDGTFTWTPESDIVNGDDYALRISQGDE------VNYTNLFDV 
Penicillium_marneffei_ATCC_182      VLSKDA-NNGEFSWTPPTDLQNGDNYAFEISQGDE------NNYTGSLSM 
Talaromyces_stipitatus_ATCC_10      VLTTAA-TNGEYTWTPPRDLQNANDYAFQISQGDQ------INYTGLLPL 
1_Aspergillus_nidulans_FGSC_A4      VLTHDA-QGGSFTWVPDESLAPGSDYALQIEQDGS------INYSGLVTL 
3_Aspergillus_nidulans_FGSC_A4      VLTHDA-QGGSFTWVPDESLAPGSDYALQIEQDGS------INYSGLVTL 
1_Aspergillus_niger_CBS_513.88      VLTKDA-KGGSYTWTPDDSLAPGSDYAFQIDQDGQ------VNYSGLVSL 
Aspergillus_terreus_NIH2624         VLATAA-TGGTFSWTPDESLEEGNDYAFEVKQNDE------VNYSGYFTL 
Penicillium_chrysogenum_Wiscon      PITGQA-KGGTFTWTPDDSVKKADTYAFQIKQKDQ------TNYTALLKG 
Leptosphaeria_maculans              TLTTSA-TGGKFSWTVDDDLPNQPNYALEIRRGDQ------VNYSAQFGL 
Botryotinia_fuckeliana_B05.10       TIGSGL-TGTSYSWTPS-SSLDSSLYAIEIQDSTN-----TPNYSQQFQV 
Sclerotinia_sclerotiorum_1980       TIGSGL-SGTSYTWTPP-ATLDSSLYAIRIEDSTS-----TPNYSEQFQV 
bgh05886                            TIASGQ-TGNSYEWTPP-STLKTDKYAFEITDSG------EPNYSVQFTI 
1_Glomerella_graminicola_M1.00      PIATGQ-SGTSFVWTPP-TTLPSDQYAIEISDGTG-----TPNYSEQFSL 
Gibberella_zeae_PH-1                TLTSGA-KGDSFTFTP--SQLPSDTYNFKITDSAG-----DINYSAQFTY 
Fusarium_oxysporum_f._sp._lyco      TLTTSA-TGDSFTFTP--SELPSDTYNFKITDKAG-----EVNYSAQFPY 
Nectria_haematococca_mpVI_77-1      VLTATA-EGDSFTFTP--GNLPSDTYNFKIKNNEDG----TINYSGQFAY 
Metarhizium_acridum_CQMa_102        TITTSA-TGGSFTWTP--EHLASGTYAIKIINNANK----EFNYSQQFSY 
Metarhizium_anisopliae_ARSEF_2      VISTSA-TGGSLAWVP--EGVVSGTYAFKITNNANK----EYNYSQQFSY 
Chaetomium_globosum_CBS_148.51      VLTTSG-SDGSFTWTP--SDLPSDTYAFEIIDDTG-----VKNWSQRFQY 
Magnaporthe_oryzae_70-15            TLVSNA-SGGKATVTLDASQLKSGTYAFGIKDTSGE----PENYSQQFNI 
Grosmannia_clavigera_kw1407         TIDKGD-SGSSFTWTCPADITSG-VYAFEITDS--E----TTNYSVQFSL 
Verticillium_albo-atrum_VaMs.1      TITTGE-SGESFTWSVP-TTLVSGQYAFEINDG--T----EPNYSVQFPL 
2_Coccidioides_posadasii_C735_      VITASTENTGSFKWTPSITLENDVTHYGLLIVDQS---TGQYQWSTQFGI 
2_Coccidioides_immitis_RS           VITASTENTGSFKWTPSITLENDVTHYGLLIVDQS---TGQYQWSTQFGI 
2_Uncinocarpus_reesii_1704          VLTPSTPNTGSFKWTPSLSLEADVSRYGLLIVDET---TGEYQWSTQFGI 
4_Paracoccidioides_brasiliensi      TIADSVSNTGTYIWTPPTSLEGDESGYGIQIVVEG---TGQYQYSTQFGI 
5_Paracoccidioides_brasiliensi      TIADSITNTGTYIWTPPTSLVGEESGYGIQIVVEG---TGQYQYSTQFGI 
6_Paracoccidioides_brasiliensi      TIADSVTNTGTYIWTPPTSLVGEESGYGIQIVVEG---TGQYQYSTQFGI 
4_Ajellomyces_capsulatus_H143       TIADSIANTGSYEWTPSTDLEGDVTHYGLMIVVEG---TGQYQYSTQFGI 
5_Ajellomyces_capsulatus_G186A      TIADSIANTGSYQWTPSTDLEGDVTHYGLMIVVEG---TGQYQYSTQFGI 
6_Ajellomyces_capsulatus_NAm1       TIADSIANTGSYEWIPSTDLEGDVTHYGLMIVVEG---TGQYQYSTQFGI 
3_Ajellomyces_dermatitidis_SLH      VIADTIPNTGSYEWTPSTDLEDDVTHYGILLVVEG---VGFYQYSTQFGI 
4_Ajellomyces_dermatitidis_ER-      VIADTIPNTGSYEWTPSTDLEDDVTHYGILLVVEG---VGFYQYSTQFGI 
2_Arthroderma_otae_CBS_113480       VIAESIENTGSFSWTPPTDLENDHTHYGIQIIVEG---TGQYQYSTQFGV 
Zea_mays                            TIVENIGNSGSYSWTPSTTLEPDTTHYGILLVVEG---TGQYQYSVQFGI 
Aspergillus_kawachii                TIVEDIGNSGSYSWTPSTTLEPDTTHYGILLVVEG---TGQYQYSVQFGI 
2_Aspergillus_niger_CBS_513.88      TIVEDIDNSGSYSWTPSTTLEPDTTHYGILLVVEG---TGQYQYSVQFGI 
3_Aspergillus_fumigatus_A1163       TIVESIPNTGSYSWTPSTDLENDVTHYGLLLVVEG---TGQYQWSTQFGI 
4_Aspergillus_fumigatus_Af293       TIVESIPNTGSYSWTPSTDLENDVTHYGLLLVVEG---TGQYQWSTQFGI 
1_Neosartorya_fischeri_NRRL_18      TIVESIPNTGSYSWTPSTDLENDVTHYGLLLVVEG---TGQYQWSTQFGI 
2_Aspergillus_nidulans_FGSC_A4      AIAENIGNSGHYEWTPSTELEPDVTHYGLLLVVESGPNKGAYQWSTQFGI 
Aspergillus_oryzae_RIB40            TIAEQIPNNGKFEWTPSTSLEADVTHYGLLLVVEG---TGQYQYSTQFGI 
1_Aspergillus_fumigatus_Af293       TLADSIPNSGSFSWTPSTSLEPDTTHYGLLLVVEG---TGQYQYSTQFGI 
2_Aspergillus_fumigatus_A1163       TLADSIPNSGSFSWTPSTSLEPDTTHYGLLLVVEG---TGQYQYSTQFGI 
2_Neosartorya_fischeri_NRRL_18      TLADSIPNSGSFSWTPSTSLEPDTTHYGLMLVVEG---TGQYQYSTQFGI 
Aspergillus_clavatus_NRRL_1         TLAEGIPNSGSFSWTPSSTLEPDTSQYGLLLVVEG---TGQYQYSTQFGV 
Phaeosphaeria_nodorum_SN15          TIVTGIANSGKYSWTPSSGLEADVTHYGLQLIDDV---TGQYQYSTQFGI 
                                                                              ::   .   
 
1_Coccidioides_posadasii_C735_      SGGSGSAI----------------------------PSTDSATLSATPYS 
1_Coccidioides_posadasii            SGGSGSAI----------------------------PSTDSATLSATPYS 
1_Coccidioides_immitis_RS           SGGSGSAI----------------------------PSTDSATLSATPYS 
3_Coccidioides_posadasii_str._      SGGSGSAI----------------------------PSTDSATLSATPYS 
1_Uncinocarpus_reesii_1704          TGGSGTAL----------------------------P-------STTAET 
Arthroderma_gypseum_CBS_118893      TGGHGTPS----------------------------STPATTTASSSSS- 
1_Arthroderma_otae_CBS_113480       SGGNGTPS----------------------------STSATTTSSSSAYS 
2_Paracoccidioides_brasiliensi      SGGSGTGD----------------------------DKTTSSSVTTSQTT 
3_Paracoccidioides_brasiliensi      SGGSGTGD----------------------------DKTTSSSVTTSQTT 
1_Paracoccidioides_brasiliensi      SGGSGSND----------------------------DKTTSASVTTTQTS 
2_Ajellomyces_capsulatus_H88        SGGADKPA----------------------------SASASASASASASE 
3_Ajellomyces_capsulatus_H143       SGGADKPA----------------------------SASASASASASE-- 
1_Ajellomyces_capsulatus_G186A      SGGADKPA----------------------------SASASASASASASE 
1_Ajellomyces_dermatitidis_ER-      SGGSGK-------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      SGGSGK-------------------------------------------- 
Penicillium_marneffei_ATCC_182      TGGSDTPKENVNGLNKTKSTES-----------MSNSASTATDTASKTAV 
Talaromyces_stipitatus_ATCC_10      SGGSDTPNANSLDGTQTDAAN------------LSNSASATETAAAASSL 
1_Aspergillus_nidulans_FGSC_A4      VDQSG---------------------------------------KKPQPS 
3_Aspergillus_nidulans_FGSC_A4      VDQSG---------------------------------------KKPQPS 
1_Aspergillus_niger_CBS_513.88      NNDSQRVA-------------T-----------TSTASSVTSTQETTTPS 
Aspergillus_terreus_NIH2624         AHSRNQ------------------------------------MPASVGPA 
Penicillium_chrysogenum_Wiscon      GSNPAAALPEAKDITSESGAAA-----------TTAATTGTTTDATTGTT 
Leptosphaeria_maculans              TGGDDAVS-------------------------------------SAASS 
Botryotinia_fuckeliana_B05.10       SGATAVASTVTASSTSASSASGSSTSGSSTSGTSTSGTSTGSSTGSSSTA 
Sclerotinia_sclerotiorum_1980       SGATAVASTVTASSTSVSSSETASSTSGSSSTASSTSESSSSSTSSSAAS 
bgh05886                            TGDDTPDPMTSSQPIRATGTGYPVPSG----------------------- 
1_Glomerella_graminicola_M1.00      ATGVTASASASASASASASASASASVTATAS--------ASASASAATSA 
Gibberella_zeae_PH-1                EGSYDAPSVTSATKSAVETT-----------------------------A 
Fusarium_oxysporum_f._sp._lyco      KGSYAAPSVTKSATATAETT-----------------------------A 
Nectria_haematococca_mpVI_77-1      EGTGTLPSKTEAETSAAETS-----------------------------A 
Metarhizium_acridum_CQMa_102        LGTGATVTASGASTTGSATG-----------------------------S 
Metarhizium_anisopliae_ARSEF_2      LGTGASVTASAASTTGSSTG-----------------------------S 
Chaetomium_globosum_CBS_148.51      TGTG-SVTSTEAPTSTAESS-----------------------------T 
Magnaporthe_oryzae_70-15            VGTGLASTTASGTTTAASTT-----------------------------A 
Grosmannia_clavigera_kw1407         FGTTSSSSAAPVSSAAATST-----------------------------A 
Verticillium_albo-atrum_VaMs.1      VGSGTASASSAPASTATSAS-----------------------------A 
2_Coccidioides_posadasii_C735_      KN--------------------------------------DHHEQP---- 
2_Coccidioides_immitis_RS           KN--------------------------------------DQHEQP---- 
2_Uncinocarpus_reesii_1704          KN--------------------------------------DAPQQP---- 
4_Paracoccidioides_brasiliensi      KN--------------------------------------DKHVPEPSDI 
5_Paracoccidioides_brasiliensi      KN--------------------------------------DKHVPEPSDK 
6_Paracoccidioides_brasiliensi      KN--------------------------------------DKYVPEPSDK 
4_Ajellomyces_capsulatus_H143       KN--------------------------------------DHAS------ 
5_Ajellomyces_capsulatus_G186A      KN--------------------------------------DHAS------ 
6_Ajellomyces_capsulatus_NAm1       KN--------------------------------------DHAS------ 
3_Ajellomyces_dermatitidis_SLH      KN--------------------------------------DGSPQPTDQP 
4_Ajellomyces_dermatitidis_ER-      KN--------------------------------------DGSPQPTDQP 
2_Arthroderma_otae_CBS_113480       EN--------------------------------------HHKPSKPSKP 
Zea_mays                            SN--------------------------------------PAYSSSS--- 
Aspergillus_kawachii                SN--------------------------------------PAYSSSS--- 
2_Aspergillus_niger_CBS_513.88      SN--------------------------------------PYYSSSS--- 
3_Aspergillus_fumigatus_A1163       SN--------------------------------------PGKAADTPAA 
4_Aspergillus_fumigatus_Af293       SN--------------------------------------PGKAADTPAA 
1_Neosartorya_fischeri_NRRL_18      SN--------------------------------------PEAAADTPAA 
2_Aspergillus_nidulans_FGSC_A4      SN--------------------------------------PNYGQGE--- 
Aspergillus_oryzae_RIB40            SN--------------------------------------PNGASSS--- 
1_Aspergillus_fumigatus_Af293       SN--------------------------------------PGYTGSTSQS 
2_Aspergillus_fumigatus_A1163       SN--------------------------------------PGYTGSTSQS 
2_Neosartorya_fischeri_NRRL_18      SN--------------------------------------PDYSGSTSKS 
Aspergillus_clavatus_NRRL_1         SN--------------------------------------PDYVAGSSSA 
Phaeosphaeria_nodorum_SN15          SKGAECSGVA------------------------------PSSAASTAYG 
                                                                                       
 
1_Coccidioides_posadasii_C735_      STFATSTTIQLTTGVTTSHISRG--------------------------- 
1_Coccidioides_posadasii            STFATSTTIQLTTGVTTSHISRG--------------------------- 
1_Coccidioides_immitis_RS           STFATPTTIQLTTGVTTSHISRG--------------------------- 
3_Coccidioides_posadasii_str._      STFATSTTIQLTTGVTTSHISRG--------------------------- 
1_Uncinocarpus_reesii_1704          SSLAVSTTVRLTTAVTTSHASRG--------------------------- 
Arthroderma_gypseum_CBS_118893      GEPTKPVTKPAVTSTSQASMSMTNSANHT--------------------- 
1_Arthroderma_otae_CBS_113480       GEPSKPVTKPVVP-SSAPSMSITQSANHT--------------------- 
2_Paracoccidioides_brasiliensi      SLSRSASTPATTTT---HAPSTGTPS------------------------ 
3_Paracoccidioides_brasiliensi      SLSRSSSTPATTTT---HAPSTATPS------------------------ 
1_Paracoccidioides_brasiliensi      SLSRSAITPATTTTTTTHAPTTGTPS------------------------ 
2_Ajellomyces_capsulatus_H88        SDSASPTATSPTATTPPPTVKTTAS------------------------- 
3_Ajellomyces_capsulatus_H143       SDSASPTATSPTATTPPPTVKTTAS------------------------- 
1_Ajellomyces_capsulatus_G186A      SDSASPTATSPTATTP-ATVKTTAS------------------------- 
1_Ajellomyces_dermatitidis_ER-      -----EETPSPTVTTPPPTVTGTSSP------------------------ 
2_Ajellomyces_dermatitidis_SLH      -----EETPSPTVTTPPPTVTGTSSP------------------------ 
Penicillium_marneffei_ATCC_182      TDSTATGTASATETTGTDTTSALSSGTTTESAAATVTDTA---------- 
Talaromyces_stipitatus_ATCC_10      TESAATAAASATGTIAGATTTATDS------------------------- 
1_Aspergillus_nidulans_FGSC_A4      ASKHTPVSSPLGGAR-----TSVQK------------------------- 
3_Aspergillus_nidulans_FGSC_A4      ASKHTPVSSPLGGAR-----TSVQK------------------------- 
1_Aspergillus_niger_CBS_513.88      QTETTPTPTPTDTAPRDEV-NSVLP------------------------- 
Aspergillus_terreus_NIH2624         PARFDPHSPQFDTSPKDAFGTHVIQ------------------------- 
Penicillium_chrysogenum_Wiscon      GSTTAPNTQTTGGTTESTQGTQTTM------------------------- 
Leptosphaeria_maculans              APASKASSAAASSAPHSSSAASLD-------------------------- 
Botryotinia_fuckeliana_B05.10       SSTSESSTSNGTSTSASSSPTA---------------------------- 
Sclerotinia_sclerotiorum_1980       SSSSSSIITSSNSTSTATRSSS---------------------------- 
bgh05886                            MSSYTSRVSNATSTMTGTYPTG---------------------------- 
1_Glomerella_graminicola_M1.00      SGTTTASPSITSSGSSSSTSAE---------------------------- 
Gibberella_zeae_PH-1                AQTTEQATTLASVTKPVEEAT----------------------------- 
Fusarium_oxysporum_f._sp._lyco      VASTKEATTLASVTKSAEETTT---------------------------- 
Nectria_haematococca_mpVI_77-1      AETTSAEETSAPATTEATTLTT---------------------------- 
Metarhizium_acridum_CQMa_102        STGSATASTEASSTVSITASRT---------------------------- 
Metarhizium_anisopliae_ARSEF_2      ATATASS-TEASSTVSITASST---------------------------- 
Chaetomium_globosum_CBS_148.51      STEASSTTTSSSSSSETESTTT---------------------------- 
Magnaporthe_oryzae_70-15            ASSTASMSTLSTTARPTAANVS---------------------------- 
Grosmannia_clavigera_kw1407         SKTSASSSASSSAKTSSSASVSSAPASSAPASSAEASSAPASSSAPSSSA 
Verticillium_albo-atrum_VaMs.1      TVTVTSTVAESTSTAAESSAAS---------------------------- 
2_Coccidioides_posadasii_C735_      --------APSVTRTLIEPPP----------------------------- 
2_Coccidioides_immitis_RS           --------APSVTRTLIEPPP----------------------------- 
2_Uncinocarpus_reesii_1704          --------TLSVTRTVIEPPQS---------------------------- 
4_Paracoccidioides_brasiliensi      YP----TNKYPTAKPTDNYPTAKPSDYPTG-------------------- 
5_Paracoccidioides_brasiliensi      YPTAEPTDKYPTAKPTDKYPTAKPSDYPTGGS------------------ 
6_Paracoccidioides_brasiliensi      YPTAEPTDKYPTAKPTDKYPTAKPSDYPTGGS------------------ 
4_Ajellomyces_capsulatus_H143       ---------PSVTDGTVPYP------------------------------ 
5_Ajellomyces_capsulatus_G186A      ---------PSVTDGTVPYP------------------------------ 
6_Ajellomyces_capsulatus_NAm1       ---------PSVTDGTVPYP------------------------------ 
3_Ajellomyces_dermatitidis_SLH      TDEPSYTPTPTPTDVATGYP------------------------------ 
4_Ajellomyces_dermatitidis_ER-      TDEPSYTPTPTPTDVATGYP------------------------------ 
2_Arthroderma_otae_CBS_113480       SEPAKPTEKPTWTGNQPTAP------------------------------ 
Zea_mays                            ---SVAAATSTTAAAAVSSDAS---------------------------- 
Aspergillus_kawachii                ---SVAAATSTTAAAAVSSDAS---------------------------- 
2_Aspergillus_niger_CBS_513.88      ---SVAAATSTTAAAAVSSDAS---------------------------- 
3_Aspergillus_fumigatus_A1163       SVTATTSATSEVETPAASSPAD---------------------------- 
4_Aspergillus_fumigatus_Af293       SVTATTSATSEVETPAASSPAD---------------------------- 
1_Neosartorya_fischeri_NRRL_18      SATPTTPAAPVVETPAASAPAG---------------------------- 
2_Aspergillus_nidulans_FGSC_A4      ----SSSSAPTSTAPEPTQVPS---------------------------- 
Aspergillus_oryzae_RIB40            --SSAAPEVPTSTAANPGASSS---------------------------- 
1_Aspergillus_fumigatus_Af293       -----SSTSPTATETKSSSATE---------------------------- 
2_Aspergillus_fumigatus_A1163       -----SSTSPTATETKSSSATE---------------------------- 
2_Neosartorya_fischeri_NRRL_18      -----SSTATTATETKSSSATE---------------------------- 
Aspergillus_clavatus_NRRL_1         GVNPTSTGAATATNSASKSESS---------------------------- 
Phaeosphaeria_nodorum_SN15          GGYPASSAAASSTPAAASSAPAG--------------------------- 
                                                                                       
 
1_Coccidioides_posadasii_C735_      ------------------------------TSLSISRNATISTPALSSTR 
1_Coccidioides_posadasii            ------------------------------TSLSISRNATISTPALSSTR 
1_Coccidioides_immitis_RS           ------------------------------TSLSISRNATISTPALSSTR 
3_Coccidioides_posadasii_str._      ------------------------------TSLSISRNATISTPALSSTR 
1_Uncinocarpus_reesii_1704          ------------------------------TTLSISRNSTISTPTLTSTR 
Arthroderma_gypseum_CBS_118893      ----------------------------TMVTKTSTGTASMGTATTTSHR 
1_Arthroderma_otae_CBS_113480       ----------------------------TMVTKTSSGTASMGTG-TTSHR 
2_Paracoccidioides_brasiliensi      ------------------------------GYPTASLNRTTTAGPRTRTT 
3_Paracoccidioides_brasiliensi      ------------------------------GYPTASLNRTTTAGPRTRTT 
1_Paracoccidioides_brasiliensi      ------------------------------GYPTASLNKTTTAGPRTRTT 
2_Ajellomyces_capsulatus_H88        -------------------------------AYPSNSRNST-ASAATLTT 
3_Ajellomyces_capsulatus_H143       -------------------------------AYPSNSRNST-ASAATLTT 
1_Ajellomyces_capsulatus_G186A      -------------------------------AHPSSSRNST-ASAATLTT 
1_Ajellomyces_dermatitidis_ER-      ------------------------------SSGPSNSRNSTSSEATTITT 
2_Ajellomyces_dermatitidis_SLH      ------------------------------SSGPSNSRNSTSSEATTITT 
Penicillium_marneffei_ATCC_182      ----------------------------ASTGSTASDATATTTFGATASD 
Talaromyces_stipitatus_ATCC_10      ----------------------------AASATSAATGSATTTGGTSASE 
1_Aspergillus_nidulans_FGSC_A4      -------------------------------GNNGYIPTLNSS--SARVN 
3_Aspergillus_nidulans_FGSC_A4      -------------------------------GNNGYIPTLNSS--SARVN 
1_Aspergillus_niger_CBS_513.88      -------------------------------GNNATTNFTLDANHDSSSN 
Aspergillus_terreus_NIH2624         -------------------------------GNDAESVTMTSVRQTPTVV 
Penicillium_chrysogenum_Wiscon      -------------------------------TSTASKALISSAASPSGSP 
Leptosphaeria_maculans              -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       ----------------------------SGNSSTTLSGSSSASRTSSSSS 
Sclerotinia_sclerotiorum_1980       ----------------------------SSSSSSSSSSTSTTRSITTTAS 
bgh05886                            ----------------------------SGGYS---GGPSNTTVPHVSST 
1_Glomerella_graminicola_M1.00      ----------------------------SSSAVSSAANSTATTISTSARA 
Gibberella_zeae_PH-1                ----------------------------TAKPIIPTHVPVP-PKNATTPI 
Fusarium_oxysporum_f._sp._lyco      ----------------------------VAKPIIPTHAPSKNATTPTAAH 
Nectria_haematococca_mpVI_77-1      ----------------------------VSKPLISTKEKTTTEEHTTIHT 
Metarhizium_acridum_CQMa_102        ----------------------------ESSTASSTASTTISTVTSSATS 
Metarhizium_anisopliae_ARSEF_2      ----------------------------ESSTESGTASTTISTVTSSATT 
Chaetomium_globosum_CBS_148.51      ----------------------------SEEASSTTFTTSTTEEAETSTR 
Magnaporthe_oryzae_70-15            ------------------------------STASSTANSSSTAARTSATS 
Grosmannia_clavigera_kw1407         SSSASSSASSSASSSTNSTSSHSATKTSSSSTTLSTSKTTSTASKTSATA 
Verticillium_albo-atrum_VaMs.1      ----------------------------ASETATSSAAESSATTEASSSV 
2_Coccidioides_posadasii_C735_      ----------------------------VVTLTTTICDETTAPYPTGTAP 
2_Coccidioides_immitis_RS           ----------------------------VVTLTTTICDETTAPYPTGTAP 
2_Uncinocarpus_reesii_1704          ------------------------TNTDVVTITTTICEETTAPYPTGTAP 
4_Paracoccidioides_brasiliensi      ---------------SSSSSS--YTLVPISTATITVCASTVTACPQTKTP 
5_Paracoccidioides_brasiliensi      ---------------SSSSSS--YTLVPISTATITVCASTVSACPPTKTP 
6_Paracoccidioides_brasiliensi      ---------------SSSSSSSSYTLVPISTATITVCASTVSRLSTNQDP 
4_Ajellomyces_capsulatus_H143       -----------------VTTTSTRTLVPISTGTITICPPTKTPTPTPSGP 
5_Ajellomyces_capsulatus_G186A      -----------------VTTTSTRTLVPISTGTITICPPTKTPTPTPSGP 
6_Ajellomyces_capsulatus_NAm1       -----------------VTTTSTRTLVPISTGTITICPPTKTPTPTPSGP 
3_Ajellomyces_dermatitidis_SLH      -----------------TTTT-TRTLVPISTGTTTICPPTKARTPIPSGP 
4_Ajellomyces_dermatitidis_ER-      -----------------TTTT-TRTLVPISTGTTTICPPTKAPTPIPSGP 
2_Arthroderma_otae_CBS_113480       ---------------------ATHIVVPSSMPTGSVITLTTSVCPPSQTP 
Zea_mays                            -----------------------ETSVIISKITSTICPETATATADVKPT 
Aspergillus_kawachii                -----------------------ETSVIISKITSTICPETATATADVKPT 
2_Aspergillus_niger_CBS_513.88      -----------------------ETSVIISKITSTICPETATATADVKP- 
3_Aspergillus_fumigatus_A1163       -----------------------SNVTLVTTETTTWCPESTAKPTSIPVI 
4_Aspergillus_fumigatus_Af293       -----------------------SNVTLVTTETTTWCPESTAKPTSIPVI 
1_Neosartorya_fischeri_NRRL_18      -----------------------SDVTLITTETTTWCPESTAKPTSIPVI 
2_Aspergillus_nidulans_FGSC_A4      -----------------------STITETTVVTTTTCPEDQPTGG----- 
Aspergillus_oryzae_RIB40            -----------------------ATSYVTYEITTTICPETETAPATAAPT 
1_Aspergillus_fumigatus_Af293       -----------------------SSSSKSSTTGKP-ETTTTTPPTTTAIS 
2_Aspergillus_fumigatus_A1163       -----------------------SSSSKSSTTGKPETTTTTTPPTTTATS 
2_Neosartorya_fischeri_NRRL_18      -----------------------SSSSKPSTTGTP------ETATTTATS 
Aspergillus_clavatus_NRRL_1         -----------------------GTTTSTMTATTTATATATATATATATA 
Phaeosphaeria_nodorum_SN15          -------------------YPASSVAVSSAPNATTIVTKPSAAAVSTGYP 
                                                                                       
 
1_Coccidioides_posadasii_C735_      AVTLTP-------------------------------------------- 
1_Coccidioides_posadasii            AVTLTP-------------------------------------------- 
1_Coccidioides_immitis_RS           AVTLTP-------------------------------------------- 
3_Coccidioides_posadasii_str._      AVTLTP-------------------------------------------- 
1_Uncinocarpus_reesii_1704          AVTLTP-------------------------------------------- 
Arthroderma_gypseum_CBS_118893      NTTMSSPTLTSQ-------------------------------------- 
1_Arthroderma_otae_CBS_113480       NTTMATPTLSP--------------------------------------- 
2_Paracoccidioides_brasiliensi      SVIITPS------------------------------------------- 
3_Paracoccidioides_brasiliensi      SVIITPS------------------------------------------- 
1_Paracoccidioides_brasiliensi      SVIITPS------------------------------------------- 
2_Ajellomyces_capsulatus_H88        GVTVTPS------------------------------------------- 
3_Ajellomyces_capsulatus_H143       GVTVTPS------------------------------------------- 
1_Ajellomyces_capsulatus_G186A      GVTVTPS------------------------------------------- 
1_Ajellomyces_dermatitidis_ER-      GVTVTPT------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      GVTVTPT------------------------------------------- 
Penicillium_marneffei_ATCC_182      GSSATTSGAETTETALASHMN-------------------------TPFV 
Talaromyces_stipitatus_ATCC_10      EGASATASSVSTETALASKMN-------------------------TPFV 
1_Aspergillus_nidulans_FGSC_A4      MTSGK--------------------------------------------- 
3_Aspergillus_nidulans_FGSC_A4      MTSGK--------------------------------------------- 
1_Aspergillus_niger_CBS_513.88      VSSKS--------------------------------------------- 
Aspergillus_terreus_NIH2624         DISSE--------------------------------------------- 
Penicillium_chrysogenum_Wiscon      SSSAAPSSTDSLRATGTEIVH-------------------------GKEA 
Leptosphaeria_maculans              -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       RTASSSSTGG---------------------------------------- 
Sclerotinia_sclerotiorum_1980       RTSTSTTAGS---------------------------------------- 
bgh05886                            YMTSTIAASP---------------------------------------- 
1_Glomerella_graminicola_M1.00      STHHSSDSEP---------------------------------------- 
Gibberella_zeae_PH-1                ATPTKTG------------------------------------------- 
Fusarium_oxysporum_f._sp._lyco      PTPSKTG------------------------------------------- 
Nectria_haematococca_mpVI_77-1      PIATKNATTPIPTTKKATSTGASSTGG-------------------SEST 
Metarhizium_acridum_CQMa_102        TSGSSTTSAP------------------------------------SSTT 
Metarhizium_anisopliae_ARSEF_2      ASGSSTTSAP------------------------------------SSAT 
Chaetomium_globosum_CBS_148.51      ATTSPTGSPP---------------------------------------- 
Magnaporthe_oryzae_70-15            TPASTTASSP---------------------------------------- 
Grosmannia_clavigera_kw1407         SASATGTSAP---------------------------------------- 
Verticillium_albo-atrum_VaMs.1      VTRTRTSTTAAES------------------------------------- 
2_Coccidioides_posadasii_C735_      GTVSSSVPTAPTSYRATPTPSPSS-------------------------- 
2_Coccidioides_immitis_RS           GTVSSPAPTAPTSYRATPTPSPSS-------------------------- 
2_Uncinocarpus_reesii_1704          GTISSVWPTAPTSYRASPTPTIP--------------------------- 
4_Paracoccidioides_brasiliensi      VTPSGTGPATVQPTVQP--------------------------------- 
5_Paracoccidioides_brasiliensi      VTPSGTGPATVQPTVQP--------------------------------- 
6_Paracoccidioides_brasiliensi      CYPQRNWSCHRPANRSA--------------------------------- 
4_Ajellomyces_capsulatus_H143       VPSGYPTGIPSPSPSPP--------------------------------- 
5_Ajellomyces_capsulatus_G186A      VPSGYPTGIPSPSPSPP--------------------------------- 
6_Ajellomyces_capsulatus_NAm1       VPSGYPTGIPSPSPSPP--------------------------------- 
3_Ajellomyces_dermatitidis_SLH      VPSGYPG-APSPTPSQP--------------------------------- 
4_Ajellomyces_dermatitidis_ER-      VPSGYPG-APSPTPSQP--------------------------------- 
2_Arthroderma_otae_CBS_113480       GAPQPTGGYPAPVPSGSGI------------------------------- 
Zea_mays                            FTSVPVVGGNKPSSFVVAPTASG----------SASLIRSSATPSGTPAA 
Aspergillus_kawachii                FTSVPVIGGNKPSSFVVAPTASG----------SASLIRSSATPSGTPAA 
2_Aspergillus_niger_CBS_513.88      -TSVPVVGGNKPTSFVVAPSASG----------SASLIRSSATPSGTPAA 
3_Aspergillus_fumigatus_A1163       VPTGAPSIPSGSPTPSA----------------YPSSTLISKTYSPSGPS 
4_Aspergillus_fumigatus_Af293       VPTGAPSIPSGSPTPSA----------------YPSSTLISKTYSPSGPS 
1_Neosartorya_fischeri_NRRL_18      VPTGAPSIPSGSPTPSA----------------HPSSTMISKSHSPSGPS 
2_Aspergillus_nidulans_FGSC_A4      ATTSVPVIPPG------------------------SSTLVPTPSAPAWTP 
Aspergillus_oryzae_RIB40            ASTSAPVIPPPAQSHSWGTGGVSVPVVSPTNTPYLPTTLRSSSAPSGTAS 
1_Aspergillus_fumigatus_Af293       GSASADSTTTASETPATTLVTQSSTANVPTSTVVVSVPNSSAGSSSGASG 
2_Aspergillus_fumigatus_A1163       GSASADSTTTASETPATTLVTQSSTANVPTSTVVVSVPNSSAGSSSGASG 
2_Neosartorya_fischeri_NRRL_18      GSASADSTTTASETPATTLVTQSSTTNVPTSTVVVTVPNSSAGSSSGASG 
Aspergillus_clavatus_NRRL_1         TASGSASDGTLPATKSTTTLITKGTTDVPTSTALITIPTGTTAASSVIVS 
Phaeosphaeria_nodorum_SN15          VGQNSTIVMPTKSMSVPSSLRPTSTG------------------------ 
                                                                                       
 
1_Coccidioides_posadasii_C735_      TAAPTESEPSAPTSTPNAAPAILSRPVALALGGLAAFVYLN-- 
1_Coccidioides_posadasii            TAAPTESEPSAPTSTP--------------------------- 
1_Coccidioides_immitis_RS           TAAPTESEPSAPTSTPNAAPAILSRPVALALGGLAAFVYLN-- 
3_Coccidioides_posadasii_str._      TAAPTESEPSAPTSTPNAAPAILSRPVALALGGLAAFVYLN-- 
1_Uncinocarpus_reesii_1704          TATPTEP-EVIPTDAPNAAPAILSSPVALLLSALVAFAYLH-- 
Arthroderma_gypseum_CBS_118893      SQSATLTPTATPTG-GAASLTALSSPLALIMAALVAFAYLN-- 
1_Arthroderma_otae_CBS_113480       SHSATLTPTATPTGNAASSLAAMSSPLALIMAALAAFAYLN-- 
2_Paracoccidioides_brasiliensi      GPKSAPPTPTPTT----GGAAVMSSSFALIMGVLAAFAYLN-- 
3_Paracoccidioides_brasiliensi      GPKSAPPTPTPTT----GGAAVMSSSFALIMGVLAAFAYLN-- 
1_Paracoccidioides_brasiliensi      GPKSAPPTPTPTT----GGAAVMSSSFALIMGVLAAFAYLN-- 
2_Ajellomyces_capsulatus_H88        GPTTTPATPSATNNDSAASSLAASSPLVFILSVLAAFAYLH-- 
3_Ajellomyces_capsulatus_H143       GPTTTPATPSATNNDSAASSLAASSPLVFILSVLAAFAYLH-- 
1_Ajellomyces_capsulatus_G186A      GPTTTPATPSATNNDSAASSLAASSPFVFILSVLAAFAYLH-- 
1_Ajellomyces_dermatitidis_ER-      GPTTAPPTPTPSE-PSAASIMAVSSPFALIMGVLAAFVYLH-- 
2_Ajellomyces_dermatitidis_SLH      GPTTAPPTPTPSE-PSAASIMAVSSPFALIMGVLVAFVYLH-- 
Penicillium_marneffei_ATCC_182      GSHQSTSTATSSSSVQTGAAG--RVGIPLAFLAGAAGFLFLFV 
Talaromyces_stipitatus_ATCC_10      GSHMATPTTAASSSVQTGSAGRVVVVVPLALLASSAAFLFVFV 
1_Aspergillus_nidulans_FGSC_A4      ---------STAHKTSNDGVTFRYISAEMILAAMAAVVYFAA- 
3_Aspergillus_nidulans_FGSC_A4      ---------STAHKTSNDGVTFRYISAEMILAAMAAVVYFAA- 
1_Aspergillus_niger_CBS_513.88      ---------AMAAAMQNGGAPFQMVSLDLVLGIVAMGFYLVC- 
Aspergillus_terreus_NIH2624         ---------KNIAQAQMNRAAVRDLPVELALGAVAVLVPLFV- 
Penicillium_chrysogenum_Wiscon      ---------SSTESAQTGGASIPQYSVQLVMGIVGLLAYLV-- 
Leptosphaeria_maculans              ------------------------------------------- 
Botryotinia_fuckeliana_B05.10       --------TSTATSAPTSAAAEFASPLAFIFLAFAAIVTLN-- 
Sclerotinia_sclerotiorum_1980       --------TSSATSAPTSAAAEFSSPLAFVFLAFAAIVTLN-- 
bgh05886                            --------SSTTVPADANNANGISSPLALVFSTFFAFIFLH-- 
1_Glomerella_graminicola_M1.00      --------TSAPTTVPSSDSVRLGSPIALIGLTVAAMLYFQ-- 
Gibberella_zeae_PH-1                ----GAG-QTGVPDAPVSGATRMTSSLALIAGAAMAMVYLN-- 
Fusarium_oxysporum_f._sp._lyco      ----SAGGETSVPSVPESGAARMTSSLALIAGAVMAMVYLN-- 
Nectria_haematococca_mpVI_77-1      AAETSAAATGSATTVPESGAARMTSSLALIAGAVMAMVYLN-- 
Metarhizium_acridum_CQMa_102        SQSSTSIRSTTSATTTVPNAGVRATPMAFVAGAVAALAYFG-- 
Metarhizium_anisopliae_ARSEF_2      SHSSTSTRSTTAATTTVPNAGVRATPMAFVAGAVAALAYLG-- 
Chaetomium_globosum_CBS_148.51      ---------------DLNNGQRFASPLGFVLVTVAALVFFH-- 
Magnaporthe_oryzae_70-15            --------------PNTGAGSQLQSSLALVFLGAAAYVFLN-- 
Grosmannia_clavigera_kw1407         --------------ANTNSGMKEKSPLAFILVTVAALMYFN-- 
Verticillium_albo-atrum_VaMs.1      -------ATGTAASVPDSKAGRLGSPVALIMTLAAMLYFH--- 
2_Coccidioides_posadasii_C735_      -------------PPFEGAAGRNAFSFGGAILAVAAVLAF--- 
2_Coccidioides_immitis_RS           -------------PPFEGAAGRNAFSFGGAILAVAAVLAF--- 
2_Uncinocarpus_reesii_1704          -------------PPFEGAAGRNAISLGGAFVALAAVFAF--- 
4_Paracoccidioides_brasiliensi      --TYTASPKPTTPPPFDGAAGRNGVAIGGLVAAAVVMFAL--- 
5_Paracoccidioides_brasiliensi      --TYSASPKPTTPPPFDGAAGRNGVAIGGLVAAAVVMFAL--- 
6_Paracoccidioides_brasiliensi      --NLQR------------------------------------- 
4_Ajellomyces_capsulatus_H143       --PFQGG-----------AAGRNGVAIGGIVFVAALAIFAF-- 
5_Ajellomyces_capsulatus_G186A      --PFQEG-----------AAGRNGVAIGGIVFVAALAIFAF-- 
6_Ajellomyces_capsulatus_NAm1       --PFQEG-----------AAGRNGVAIGGIVFVAALAIFAF-- 
3_Ajellomyces_dermatitidis_SLH      --PFEEG-----------AAGRNGAAIGGIVVAAAIAIFAF-- 
4_Ajellomyces_dermatitidis_ER-      --PFEEG-----------AAGRNGAAIGGIVVAAAIAIFAF-- 
2_Arthroderma_otae_CBS_113480       --PVPPSSPSVTPPPFNNGAGRVGAGVGAALLAIAAAFAL--- 
Zea_mays                            -------SSSSVSPVFTGAADRNAISLGAVAVGVAAVLAF--- 
Aspergillus_kawachii                -------SSSSVSPVFTGAADRNAISLGAVAVGVAAVLAF--- 
2_Aspergillus_niger_CBS_513.88      -------SSSSVSPVFTGAADRNAISLGAVAVGVAAVLAF--- 
3_Aspergillus_fumigatus_A1163       -------GTSPTPILFTGAADRTTVSVGAVAAGVLAVLAF--- 
4_Aspergillus_fumigatus_Af293       -------GTSPTPILFTGAADRTAVSVGAVAAGVLAVLAF--- 
1_Neosartorya_fischeri_NRRL_18      -------GTSPTPSLFTGAADRTAVSVGAVAAGVLAVLAF--- 
2_Aspergillus_nidulans_FGSC_A4      -------TFTPAPPQFTGAAGRNVVSFGAVAAGVAAVLAF--- 
Aspergillus_oryzae_RIB40            -------STTPGVPLFTSGADRNAISFGAAAAGVLAVLAF--- 
1_Aspergillus_fumigatus_Af293       --SPSQSSTPSPSPTLSSGGDRKAISLGAVVVGAFAVMAF--- 
2_Aspergillus_fumigatus_A1163       --SPSQSSTPSPSPTLSSGGDRKAISLGAVVVGAFAVMAF--- 
2_Neosartorya_fischeri_NRRL_18      --SPRQSSTPSPSPTLSSGGDRKAISLGAVVVGAFAVMAF--- 
Aspergillus_clavatus_NRRL_1         GTHSRTSATPSPSTILSNGADRGAISLAAVMVGVFAVVAF--- 
Phaeosphaeria_nodorum_SN15          ------AANATRPGLPESTGAASSLQAGLSFAGVVAAFALML- 
                                                                              
NCBI Generated Lineage Report for EST C00009 
Eukaryota              [eukaryotes] 
. Ascomycota             [ascomycetes] 
. . saccharomyceta         [ascomycetes] 
. . . Pezizomycotina         [ascomycetes] 
. . . . leotiomyceta           [ascomycetes] 
. . . . . sordariomyceta         [ascomycetes] 
. . . . . . Sordariomycetes        [ascomycetes] 
. . . . . . . Hypocreomycetidae      [ascomycetes] 
. . . . . . . . Glomerella             [ascomycetes] 
. . . . . . . . . Glomerella graminicola [ascomycetes] 
. . . . . . . . . . Glomerella graminicola M1.001 ------------  125 1 hit  [ascomycetes]  hypothetical protein GLRG_01512 [Glomerella graminicola M1. 
. . . . . . . . . . Glomerella graminicola ...................  124 1 hit  [ascomycetes]  hypothetical protein [Glomerella graminicola] 
. . . . . . . . Gibberella zeae PH-1 -------------------------   65 1 hit  [ascomycetes]  hypothetical protein FG00523.1 [Gibberella zeae PH-1] 
. . . . . . . . Fusarium oxysporum f. sp. lycopersici ........   65 1 hit  [ascomycetes]  extracellular matrix protein precursor [Fusarium oxysporum  
. . . . . . . . Metarhizium acridum CQMa 102 .................   56 1 hit  [ascomycetes]  extracellular matrix protein precursor [Metarhizium acridum 
. . . . . . . . Nectria haematococca mpVI 77-13-4 ............   56 8 hits [ascomycetes]  hypothetical protein NECHADRAFT_102374 [Nectria haematococc 
. . . . . . . . Metarhizium anisopliae ARSEF 23 ..............   54 1 hit  [ascomycetes]  extracellular matrix protein precursor [Metarhizium anisopl 
. . . . . . . Verticillium albo-atrum VaMs.102 ---------------  108 2 hits [ascomycetes]  predicted protein [Verticillium albo-atrum VaMs.102] >gi|26 
. . . . . . . Magnaporthe oryzae 70-15 .......................   81 2 hits [ascomycetes]  hypothetical protein MGG_00527 [Magnaporthe oryzae 70-15] > 
. . . . . . . Magnaporthe grisea .............................   81 1 hit  [ascomycetes]  hypothetical protein MGG_00527 [Magnaporthe oryzae 70-15] > 
. . . . . . . Grosmannia clavigera kw1407 ....................   73 1 hit  [ascomycetes]  hypothetical protein CMQ_572 [Grosmannia clavigera kw1407] 
. . . . . . . Chaetomium globosum CBS 148.51 .................   72 2 hits [ascomycetes]  hypothetical protein CHGG_00906 [Chaetomium globosum CBS 14 
. . . . . . Botryotinia fuckeliana B05.10 --------------------   99 2 hits [ascomycetes]  hypothetical protein BC1G_02517 [Botryotinia fuckeliana B05 
. . . . . . Sclerotinia sclerotiorum 1980 UF-70 ..............   96 2 hits [ascomycetes]  hypothetical protein SS1G_01851 [Sclerotinia sclerotiorum 1 
. . . . . Uncinocarpus reesii 1704 ---------------------------   77 4 hits [ascomycetes]  predicted protein [Uncinocarpus reesii 1704] >gi|237902322| 
. . . . . Coccidioides posadasii C735 delta SOWgp ............   71 4 hits [ascomycetes]  conserved hypothetical protein [Coccidioides posadasii C735 
. . . . . Coccidioides immitis RS ............................   70 2 hits [ascomycetes]  predicted protein [Coccidioides immitis RS] 
. . . . . Coccidioides posadasii .............................   69 1 hit  [ascomycetes]  extracellular matrix protein [Coccidioides posadasii] 
. . . . . Arthroderma gypseum CBS 118893 .....................   69 4 hits [ascomycetes]  extracellular matrix protein [Arthroderma gypseum CBS 11889 
. . . . . Arthroderma otae CBS 113480 ........................   65 4 hits [ascomycetes]  extracellular matrix protein [Arthroderma otae CBS 113480]  
. . . . . Penicillium marneffei ATCC 18224 ...................   65 4 hits [ascomycetes]  extracellular matrix protein, putative [Penicillium marneff 
. . . . . Paracoccidioides brasiliensis Pb01 .................   63 4 hits [ascomycetes]  hypothetical protein PAAG_04829 [Paracoccidioides brasilien 
. . . . . Ajellomyces capsulatus G186AR ......................   61 2 hits [ascomycetes]  extracellular matrix protein [Ajellomyces capsulatus G186AR] 
. . . . . Ajellomyces capsulatus H88 .........................   61 2 hits [ascomycetes]  extracellular matrix protein [Ajellomyces capsulatus H88] 
. . . . . Ajellomyces capsulatus H143 ........................   61 2 hits [ascomycetes]  extracellular matrix protein [Ajellomyces capsulatus H143] 
. . . . . Paracoccidioides brasiliensis Pb18 .................   59 3 hits [ascomycetes]  hypothetical protein PADG_02569 [Paracoccidioides brasilien 
. . . . . Paracoccidioides brasiliensis Pb03 .................   59 3 hits [ascomycetes]  hypothetical protein PABG_00171 [Paracoccidioides brasilien 
. . . . . Coccidioides posadasii str. Silveira ...............   59 2 hits [ascomycetes]  GPI anchored serine-threonine rich protein, putative [Cocci 
. . . . . Leptosphaeria maculans (blackleg of crucifers ...) .   58 1 hit  [ascomycetes]  hypothetical protein [Leptosphaeria maculans] 
. . . . . Aspergillus terreus NIH2624 ........................   58 6 hits [ascomycetes]  predicted protein [Aspergillus terreus NIH2624] >gi|1141935 
. . . . . Ajellomyces dermatitidis ER-3 ......................   58 2 hits [ascomycetes]  extracellular matrix protein [Ajellomyces dermatitidis ER-3] 
. . . . . Ajellomyces dermatitidis SLH14081 ..................   58 6 hits [ascomycetes]  extracellular matrix protein [Ajellomyces dermatitidis SLH1 
. . . . . Talaromyces stipitatus ATCC 10500 ..................   57 4 hits [ascomycetes]  extracellular matrix protein, putative [Talaromyces stipita 
. . . . . Aspergillus niger CBS 513.88 .......................   56 2 hits [ascomycetes]  extracellular matrix protein [Aspergillus niger CBS 513.88] 
. . . . . Aspergillus niger ..................................   56 2 hits [ascomycetes]  extracellular matrix protein [Aspergillus niger CBS 513.88] 
. . . . . Penicillium chrysogenum Wisconsin 54-1255 ..........   54 6 hits [ascomycetes]  Pc12g03260 [Penicillium chrysogenum Wisconsin 54-1255] >gi| 
. . . . . Phaeosphaeria nodorum SN15 .........................   53 4 hits [ascomycetes]  hypothetical protein SNOG_00605 [Phaeosphaeria nodorum SN15 
. . . . . Aspergillus kawachii ...............................   53 1 hit  [ascomycetes]  hypothetical protein [Aspergillus kawachii] 
. . . . . Ajellomyces capsulatus NAm1 ........................   53 2 hits [ascomycetes]  predicted protein [Ajellomyces capsulatus NAm1] >gi|1504126 
. . . . . Aspergillus fumigatus Af293 ........................   52 6 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus fu 
. . . . . Aspergillus fumigatus A1163 ........................   51 3 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus fu 
. . . . . Aspergillus nidulans FGSC A4 .......................   51 6 hits [ascomycetes]  hypothetical protein AN1532.2 [Aspergillus nidulans FGSC A4 
. . . . . Aspergillus clavatus NRRL 1 ........................   50 4 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus cl 
. . . . . Aspergillus oryzae RIB40 ...........................   50 2 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus or 
. . . . . Aspergillus flavus NRRL3357 ........................   50 4 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus or 
. . . . . Aspergillus oryzae .................................   50 2 hits [ascomycetes]  extracellular serine-threonine rich protein [Aspergillus or 
. . . . . Neosartorya fischeri NRRL 181 ......................   50 6 hits [ascomycetes]  GPI anchored serine-threonine rich protein [Neosartorya fis 
. . . . . Pyrenophora tritici-repentis Pt-1C-BFP .............   42 2 hits [ascomycetes]  conserved hypothetical protein [Pyrenophora tritici-repenti 
. . . . . Pyrenophora teres f. teres 0-1 .....................   42 1 hit  [ascomycetes]  hypothetical protein PTT_08276 [Pyrenophora teres f. teres  
. . . . . Arthroderma benhamiae CBS 112371 ...................   40 4 hits [ascomycetes]  extracellular serine-threonine rich protein [Arthroderma be 
. . . . Tuber melanosporum Mel28 -----------------------------   47 5 hits [ascomycetes]  hypothetical protein [Tuber melanosporum Mel28] >gi|2956376 
. . . . Tuber melanosporum (French truffle) ..................   47 5 hits [ascomycetes]  hypothetical protein [Tuber melanosporum Mel28] >gi|2956376 
. . . Yarrowia lipolytica CLIB122 ----------------------------   42 1 hit  [ascomycetes]  YALI0F02343p [Yarrowia lipolytica] >gi|49650771|emb|CAG7770 
. . . Yarrowia lipolytica ....................................   42 1 hit  [ascomycetes]  YALI0F02343p [Yarrowia lipolytica] >gi|49650771|emb|CAG7770 
. . Schizosaccharomyces japonicus yFS275 ---------------------   45 2 hits [ascomycetes]  conserved hypothetical protein [Schizosaccharomyces japonic 
. Zea mays (maize) -------------------------------------------   53 2 hits [monocots]     hypothetical protein LOC100273054 [Zea mays] >gi|194701994| 
 
Organism Report  
  Glomerella graminicola M1.001 [ascomycetes] taxid 645133 
 gb|EFQ26368.1| hypothetical protein GLRG_01512 [Glomerella...     125  4e-27 
 
  Glomerella graminicola [ascomycetes] taxid 31870 
 emb|CAQ16265.1| hypothetical protein [Glomerella graminicola]     124  6e-27 
 
  Verticillium albo-atrum VaMs.102 [ascomycetes] taxid 526221 
 ref|XP_003005291.1| predicted protein [Verticillium albo-a...     108  6e-22 
 gb|EEY18788.1| predicted protein [Verticillium albo-atrum ...     108  6e-22 
 
  Botryotinia fuckeliana B05.10 [ascomycetes] taxid 332648 
 ref|XP_001558883.1| hypothetical protein BC1G_02517 [Botry...      99  3e-19 
 gb|EDN32140.1| hypothetical protein BC1G_02517 [Botryotini...      99  3e-19 
 
  Sclerotinia sclerotiorum 1980 UF-70 [ascomycetes] taxid 665079 
 ref|XP_001597655.1| hypothetical protein SS1G_01851 [Scler...      96  2e-18 
 gb|EDN96923.1| hypothetical protein SS1G_01851 [Sclerotini...      96  2e-18 
 
  Magnaporthe oryzae 70-15 [ascomycetes] taxid 242507 
 ref|XP_368717.1| hypothetical protein MGG_00527 [Magnaport...      81  6e-14 
 gb|EDK02852.1| hypothetical protein MGG_00527 [Magnaporthe...      81  6e-14 
 
  Magnaporthe grisea [ascomycetes] taxid 148305 
 gb|AAR06609.1| extracellular matrix protein [Magnaporthe g...      81  6e-14 
 
  Uncinocarpus reesii 1704 [ascomycetes] taxid 336963 
 ref|XP_002542056.1| predicted protein [Uncinocarpus reesii...      77  1e-12 
 gb|EEP76723.1| predicted protein [Uncinocarpus reesii 1704]        77  1e-12 
 ref|XP_002542288.1| predicted protein [Uncinocarpus reesii...      48  4e-04 
 gb|EEP76955.1| predicted protein [Uncinocarpus reesii 1704]        48  4e-04 
 
  Grosmannia clavigera kw1407 [ascomycetes] taxid 655863 
 gb|EFX03644.1| hypothetical protein CMQ_572 [Grosmannia cl...      73  2e-11 
 
  Chaetomium globosum CBS 148.51 [ascomycetes] taxid 306901 
 ref|XP_001220127.1| hypothetical protein CHGG_00906 [Chaet...      72  3e-11 
 gb|EAQ92671.1| hypothetical protein CHGG_00906 [Chaetomium...      72  3e-11 
 
  Coccidioides posadasii C735 delta SOWgp [ascomycetes] taxid 222929 
 ref|XP_003071870.1| conserved hypothetical protein [Coccid...      71  7e-11 
 gb|EER29725.1| conserved hypothetical protein [Coccidioide...      71  7e-11 
 ref|XP_003071664.1| GPI anchored serine-threonine rich pro...      59  3e-07 
 gb|EER29519.1| GPI anchored serine-threonine rich protein,...      59  3e-07 
 
  Coccidioides immitis RS [ascomycetes] taxid 246410 
 ref|XP_001244876.1| predicted protein [Coccidioides immiti...      70  1e-10 
 ref|XP_001245156.1| hypothetical protein CIMG_04597 [Cocci...      59  3e-07 
 
  Coccidioides posadasii [ascomycetes] taxid 199306 
 gb|ABA38724.1| extracellular matrix protein [Coccidioides ...      69  2e-10 
 
  Arthroderma gypseum CBS 118893 [ascomycetes] taxid 535722 
 ref|XP_003172563.1| extracellular matrix protein [Arthrode...      69  2e-10 
 gb|EFR02152.1| extracellular matrix protein [Arthroderma g...      69  2e-10 
 ref|XP_003171560.1| extracellular serine-threonine rich pr...      41  0.071 
 gb|EFR03106.1| extracellular serine-threonine rich protein...      41  0.071 
 
  Gibberella zeae PH-1 [ascomycetes] taxid 229533 
 ref|XP_380699.1| hypothetical protein FG00523.1 [Gibberell...      65  3e-09 
 
  Arthroderma otae CBS 113480 [ascomycetes] taxid 554155 
 ref|XP_002843830.1| extracellular matrix protein [Arthrode...      65  3e-09 
 gb|EEQ34794.1| extracellular matrix protein [Arthroderma o...      65  3e-09 
 ref|XP_002846002.1| extracellular serine-threonine rich pr...      56  2e-06 
 gb|EEQ33052.1| extracellular serine-threonine rich protein...      56  2e-06 
 
  Penicillium marneffei ATCC 18224 [ascomycetes] taxid 441960 
 ref|XP_002153020.1| extracellular matrix protein, putative...      65  5e-09 
 gb|EEA18635.1| extracellular matrix protein, putative [Pen...      65  5e-09 
 ref|XP_002150346.1| GPI anchored serine-threonine rich pro...      43  0.014 
 gb|EEA21737.1| GPI anchored serine-threonine rich protein ...      43  0.014 
 
  Fusarium oxysporum f. sp. lycopersici [ascomycetes] taxid 59765 
 gb|AAL47843.1|AF450092_1 extracellular matrix protein prec...      65  5e-09 
 
  Paracoccidioides brasiliensis Pb01 [ascomycetes] taxid 502779 
 ref|XP_002793300.1| hypothetical protein PAAG_04829 [Parac...      63  2e-08 
 gb|EEH33780.1| hypothetical protein PAAG_04829 [Paracoccid...      63  2e-08 
 ref|XP_002792486.1| GPI anchored serine-threonine rich pro...      56  3e-06 
 gb|EEH34722.1| GPI anchored serine-threonine rich protein ...      56  3e-06 
 
  Ajellomyces capsulatus G186AR [ascomycetes] taxid 447093 
 gb|EEH10255.1| extracellular matrix protein [Ajellomyces c...      61  7e-08 
 gb|EEH11065.1| GPI anchored serine-threonine rich protein ...      53  2e-05 
 
  Ajellomyces capsulatus H88 [ascomycetes] taxid 544711 
 gb|EGC44727.1| extracellular matrix protein [Ajellomyces c...      61  8e-08 
 gb|EGC46037.1| GPI anchored serine-threonine rich protein ...      54  8e-06 
 
  Ajellomyces capsulatus H143 [ascomycetes] taxid 544712 
 gb|EER39099.1| extracellular matrix protein [Ajellomyces c...      61  8e-08 
 gb|EER43104.1| GPI anchored serine-threonine rich protein ...      54  8e-06 
 
  Paracoccidioides brasiliensis Pb18 [ascomycetes] taxid 502780 
 gb|EEH46471.1| hypothetical protein PADG_02569 [Paracoccid...      59  3e-07 
 gb|EEH42800.1| GPI anchored serine-threonine rich protein ...      54  1e-05 
 gb|EEH46362.1| hypothetical protein PADG_02460 [Paracoccid...      35  4.5 
 
  Paracoccidioides brasiliensis Pb03 [ascomycetes] taxid 482561 
 gb|EEH17608.1| hypothetical protein PABG_00171 [Paracoccid...      59  3e-07 
 gb|EEH16250.1| GPI anchored serine-threonine rich protein ...      54  8e-06 
 gb|EEH17505.1| predicted protein [Paracoccidioides brasili...      37  1.0 
 
  Coccidioides posadasii str. Silveira [ascomycetes] taxid 443226 
 gb|EFW17180.1| hypothetical protein CPSG_06448 [Coccidioid...      59  3e-07 
 gb|EFW13781.1| hypothetical protein CPSG_09648 [Coccidioid...      55  3e-06 
 
  Leptosphaeria maculans (blackleg of crucifers fungus, ...) [ascomycetes] taxid 5022 
 emb|CBX95719.1| hypothetical protein [Leptosphaeria maculans]      58  4e-07 
 
  Aspergillus terreus NIH2624 [ascomycetes] taxid 341663 
 ref|XP_001213953.1| predicted protein [Aspergillus terreus...      58  5e-07 
 gb|EAU35222.1| predicted protein [Aspergillus terreus NIH2...      58  5e-07 
 ref|XP_001213024.1| conserved hypothetical protein [Asperg...      45  0.004 
 gb|EAU35648.1| conserved hypothetical protein [Aspergillus...      45  0.004 
 ref|XP_001210136.1| predicted protein [Aspergillus terreus...      41  0.081 
 gb|EAU38696.1| predicted protein [Aspergillus terreus NIH2...      41  0.081 
 
  Ajellomyces dermatitidis ER-3 [ascomycetes] taxid 559297 
 gb|EEQ84695.1| extracellular matrix protein [Ajellomyces d...      58  7e-07 
 gb|EEQ86570.1| GPI anchored serine-threonine rich protein ...      48  9e-04 
 
  Ajellomyces dermatitidis SLH14081 [ascomycetes] taxid 559298 
 ref|XP_002625318.1| extracellular matrix protein [Ajellomy...      58  8e-07 
 gb|EEQ77862.1| extracellular matrix protein [Ajellomyces d...      58  8e-07 
 ref|XP_002624759.1| GPI anchored serine-threonine rich pro...      48  8e-04 
 gb|EEQ78585.1| GPI anchored serine-threonine rich protein ...      48  8e-04 
 ref|XP_002625356.1| hypothetical protein BDBG_04225 [Ajell...      35  4.2 
 gb|EEQ77900.1| hypothetical protein BDBG_04225 [Ajellomyce...      35  4.2 
 
  Talaromyces stipitatus ATCC 10500 [ascomycetes] taxid 441959 
 ref|XP_002487508.1| extracellular matrix protein, putative...      57  1e-06 
 gb|EED13397.1| extracellular matrix protein, putative [Tal...      57  1e-06 
 ref|XP_002483912.1| GPI anchored serine-threonine rich pro...      43  0.022 
 gb|EED16678.1| GPI anchored serine-threonine rich protein ...      43  0.022 
 
  Metarhizium acridum CQMa 102 [ascomycetes] taxid 655827 
 gb|EFY90877.1| extracellular matrix protein precursor [Met...      56  2e-06 
 
  Aspergillus niger CBS 513.88 [ascomycetes] taxid 425011 
 ref|XP_001398033.1| extracellular matrix protein [Aspergil...      56  2e-06 
 ref|XP_001398865.1| extracellular serine-threonine rich pr...      52  3e-05 
 
  Aspergillus niger [ascomycetes] taxid 5061 
 emb|CAL00506.1| unnamed protein product [Aspergillus niger]        56  2e-06 
 emb|CAK43209.1| differential expressed Balu-42 from patent...      52  3e-05 
 
  Nectria haematococca mpVI 77-13-4 [ascomycetes] taxid 660122 
 ref|XP_003053586.1| hypothetical protein NECHADRAFT_102374...      56  3e-06 
 gb|EEU47873.1| hypothetical protein NECHADRAFT_102374 [Nec...      56  3e-06 
 ref|XP_003040430.1| hypothetical protein NECHADRAFT_87001 ...      45  0.007 
 gb|EEU34717.1| hypothetical protein NECHADRAFT_87001 [Nect...      45  0.007 
 ref|XP_003042089.1| predicted protein [Nectria haematococc...      40  0.13 
 gb|EEU36376.1| predicted protein [Nectria haematococca mpV...      40  0.13 
 ref|XP_003054354.1| hypothetical protein NECHADRAFT_98847 ...      35  3.7 
 gb|EEU48641.1| hypothetical protein NECHADRAFT_98847 [Nect...      35  3.7 
 
  Penicillium chrysogenum Wisconsin 54-1255 [ascomycetes] taxid 500485 
 ref|XP_002557211.1| Pc12g03260 [Penicillium chrysogenum Wi...      54  1e-05 
 emb|CAP79953.1| Pc12g03260 [Penicillium chrysogenum Wiscon...      54  1e-05 
 ref|XP_002562109.1| Pc18g02680 [Penicillium chrysogenum Wi...      42  0.042 
 emb|CAP94492.1| Pc18g02680 [Penicillium chrysogenum Wiscon...      42  0.042 
 ref|XP_002567586.1| Pc21g05400 [Penicillium chrysogenum Wi...      35  6.8 
 emb|CAP95437.1| Pc21g05400 [Penicillium chrysogenum Wiscon...      35  6.8 
 
  Metarhizium anisopliae ARSEF 23 [ascomycetes] taxid 655844 
 gb|EFZ00413.1| extracellular matrix protein precursor [Met...      54  1e-05 
 
  Phaeosphaeria nodorum SN15 [ascomycetes] taxid 321614 
 ref|XP_001791286.1| hypothetical protein SNOG_00605 [Phaeo...      53  2e-05 
 gb|EAT92100.1| hypothetical protein SNOG_00605 [Phaeosphae...      53  2e-05 
 ref|XP_001805335.1| hypothetical protein SNOG_15174 [Phaeo...      41  0.069 
 gb|EAT77399.1| hypothetical protein SNOG_15174 [Phaeosphae...      41  0.069 
 
  Zea mays (maize) [monocots] taxid 4577 
 ref|NP_001140975.1| hypothetical protein LOC100273054 [Zea...      53  2e-05 
 gb|ACF85081.1| unknown [Zea mays]                                  53  2e-05 
 
  Aspergillus kawachii [ascomycetes] taxid 40384 
 dbj|BAD01560.1| hypothetical protein [Aspergillus kawachii]        53  2e-05 
 
  Ajellomyces capsulatus NAm1 [ascomycetes] taxid 339724 
 ref|XP_001540747.1| predicted protein [Ajellomyces capsula...      53  2e-05 
 gb|EDN08077.1| predicted protein [Ajellomyces capsulatus N...      53  2e-05 
 
  Aspergillus fumigatus Af293 [ascomycetes] taxid 330879 
 ref|XP_753640.1| extracellular serine-threonine rich prote...      52  4e-05 
 gb|EAL91602.1| extracellular serine-threonine rich protein...      52  4e-05 
 ref|XP_750113.1| GPI anchored serine-threonine rich protei...      49  3e-04 
 gb|EAL88075.1| GPI anchored serine-threonine rich protein ...      49  3e-04 
 ref|XP_747343.1| extracellular matrix protein [Aspergillus...      45  0.004 
 gb|EAL85305.1| extracellular matrix protein, putative [Asp...      45  0.004 
 
  Aspergillus fumigatus A1163 [ascomycetes] taxid 451804 
 gb|EDP51743.1| extracellular serine-threonine rich protein...      51  5e-05 
 gb|EDP55707.1| GPI anchored serine-threonine rich protein ...      49  3e-04 
 gb|EDP48771.1| extracellular matrix protein, putative [Asp...      45  0.004 
   Aspergillus nidulans FGSC A4 [ascomycetes] taxid 227321 
 ref|XP_659136.1| hypothetical protein AN1532.2 [Aspergillu...      51  5e-05 
 gb|EAA64239.1| hypothetical protein AN1532.2 [Aspergillus ...      51  5e-05 
 ref|XP_661653.1| hypothetical protein AN4049.2 [Aspergillu...      50  1e-04 
 gb|EAA59520.1| hypothetical protein AN4049.2 [Aspergillus ...      50  1e-04 
 tpe|CBF74809.1| TPA: GPI anchored serine-threonine rich pr...      50  1e-04 
 tpe|CBF85054.1| TPA: extracellular matrix protein, putativ...      48  6e-04 
 
  Aspergillus clavatus NRRL 1 [ascomycetes] taxid 344612 
 ref|XP_001274310.1| extracellular serine-threonine rich pr...      50  1e-04 
 gb|EAW12884.1| extracellular serine-threonine rich protein...      50  1e-04 
 ref|XP_001269791.1| GPI anchored serine-threonine rich pro...      36  2.8 
 gb|EAW08365.1| GPI anchored serine-threonine rich protein ...      36  2.8 
 
  Aspergillus oryzae RIB40 [ascomycetes] taxid 510516 
 ref|XP_001820093.1| extracellular serine-threonine rich pr...      50  2e-04 
 ref|XP_001826671.2| GPI anchored protein [Aspergillus oryz...      40  0.21 
 
  Aspergillus flavus NRRL3357 [ascomycetes] taxid 332952 
 ref|XP_002374344.1| GPI anchored serine-threonine rich pro...      50  2e-04 
 gb|EED55562.1| GPI anchored serine-threonine rich protein ...      50  2e-04 
 ref|XP_002385415.1| GPI anchored protein, putative [Asperg...      40  0.21 
 gb|EED45286.1| GPI anchored protein, putative [Aspergillus...      40  0.21 
 
  Aspergillus oryzae [ascomycetes] taxid 5062 
 dbj|BAE58091.1| unnamed protein product [Aspergillus oryzae]       50  2e-04 
 dbj|BAE65538.1| unnamed protein product [Aspergillus oryzae]       40  0.23 
 
  Neosartorya fischeri NRRL 181 [ascomycetes] taxid 331117 
 ref|XP_001265292.1| GPI anchored serine-threonine rich pro...      50  2e-04 
 gb|EAW23395.1| GPI anchored serine-threonine rich protein ...      50  2e-04 
 ref|XP_001259690.1| extracellular serine-threonine rich pr...      48  6e-04 
 gb|EAW17793.1| extracellular serine-threonine rich protein...      48  6e-04 
 ref|XP_001262083.1| extracellular matrix protein, putative...      47  0.001 
 gb|EAW20186.1| extracellular matrix protein, putative [Neo...      47  0.001 
 
  Tuber melanosporum Mel28 [ascomycetes] taxid 656061 
 ref|XP_002841418.1| hypothetical protein [Tuber melanospor...      47  0.001 
 ref|XP_002842514.1| hypothetical protein [Tuber melanospor...      45  0.005 
 ref|XP_002839040.1| hypothetical protein [Tuber melanospor...      38  0.45 
 ref|XP_002839042.1| hypothetical protein [Tuber melanospor...      38  0.56 
 ref|XP_002836466.1| hypothetical protein [Tuber melanospor...      35  3.7 
   Tuber melanosporum (French truffle, ...) [ascomycetes] taxid 39416 
 emb|CAZ85609.1| unnamed protein product [Tuber melanosporum]       47  0.001 
 emb|CAZ79434.1| unnamed protein product [Tuber melanosporum]       45  0.005 
 emb|CAZ83231.1| unnamed protein product [Tuber melanosporum]       38  0.45 
 emb|CAZ83233.1| unnamed protein product [Tuber melanosporum]       38  0.56 
 emb|CAZ80657.1| unnamed protein product [Tuber melanosporum]       35  3.7 
 
  Schizosaccharomyces japonicus yFS275 [ascomycetes] taxid 402676 
 ref|XP_002174661.1| conserved hypothetical protein [Schizo...      45  0.004 
 gb|EEB08368.1| conserved hypothetical protein [Schizosacch...      45  0.004 
 
  Pyrenophora tritici-repentis Pt-1C-BFP [ascomycetes] taxid 426418 
 ref|XP_001938421.1| conserved hypothetical protein [Pyreno...      42  0.030 
 gb|EDU51008.1| conserved hypothetical protein [Pyrenophora...      42  0.030 
 
  Pyrenophora teres f. teres 0-1 [ascomycetes] taxid 861557 
 gb|EFQ94156.1| hypothetical protein PTT_08276 [Pyrenophora...      42  0.032 
 
  Yarrowia lipolytica CLIB122 [ascomycetes] taxid 284591 
 ref|XP_504901.1| YALI0F02343p [Yarrowia lipolytica]                42  0.041 
 
  Yarrowia lipolytica [ascomycetes] taxid 4952 
 emb|CAG77703.1| YALI0F02343p [Yarrowia lipolytica]                 42  0.041 
 
  Arthroderma benhamiae CBS 112371 [ascomycetes] taxid 663331 
 ref|XP_003017582.1| extracellular serine-threonine rich pr...      40  0.12 
 gb|EFE36937.1| extracellular serine-threonine rich protein...      40  0.12 
 ref|XP_003015413.1| extracellular matrix protein, putative...      38  0.59 















Taxonomy Report  
Eukaryota ...................................................   159 hits   56 orgs [root; cellular organisms] 
. Ascomycota ................................................   157 hits   55 orgs [Fungi/Metazoa group; Fungi; Dikarya] 
. . saccharomyceta ..........................................   155 hits   54 orgs  
. . . Pezizomycotina ........................................   153 hits   52 orgs  
. . . . leotiomyceta ........................................   143 hits   50 orgs  
. . . . . sordariomyceta ....................................    26 hits   14 orgs  
. . . . . . Sordariomycetes .................................    22 hits   12 orgs  
. . . . . . . Hypocreomycetidae .............................    14 hits    7 orgs  
. . . . . . . . Glomerella ..................................     2 hits    2 orgs [Hypocreomycetidae incertae sedis; Glomerellaceae] 
. . . . . . . . . Glomerella graminicola ....................     2 hits    2 orgs  
. . . . . . . . . . Glomerella graminicola M1.001 ...........     1 hits    1 orgs  
. . . . . . . . Hypocreales .................................    12 hits    5 orgs  
. . . . . . . . . Nectriaceae ...............................     9 hits    2 orgs  
. . . . . . . . . . Gibberella zeae PH-1 ....................     1 hits    1 orgs [Gibberella; Gibberella zeae] 
. . . . . . . . . . Nectria haematococca mpVI 77-13-4 .......     8 hits    1 orgs [Nectria; Nectria haematococca complex; Nectria haematococca; Nectria haematococca mpVI] 
. . . . . . . . . Fusarium oxysporum f. sp. lycopersici .....     1 hits    1 orgs [mitosporic Hypocreales; Fusarium; Fusarium oxysporum species complex; Fusarium oxysporum] 
. . . . . . . . . Metarhizium ...............................     2 hits    2 orgs [Clavicipitaceae; mitosporic Clavicipitaceae] 
. . . . . . . . . . Metarhizium acridum CQMa 102 ............     1 hits    1 orgs [Metarhizium acridum] 
. . . . . . . . . . Metarhizium anisopliae ARSEF 23 .........     1 hits    1 orgs [Metarhizium anisopliae] 
. . . . . . . Verticillium albo-atrum VaMs.102 ..............     2 hits    1 orgs [Sordariomycetes incertae sedis; Phyllachorales; mitosporic Phyllachorales; Verticillium; Verticillium albo-atrum] 
. . . . . . . Sordariomycetidae .............................     6 hits    4 orgs  
. . . . . . . . Magnaporthe .................................     3 hits    2 orgs [Magnaporthales; Magnaporthaceae] 
. . . . . . . . . Magnaporthe oryzae 70-15 ..................     2 hits    1 orgs [Magnaporthe oryzae] 
. . . . . . . . . Magnaporthe grisea ........................     1 hits    1 orgs  
. . . . . . . . Grosmannia clavigera kw1407 .................     1 hits    1 orgs [Ophiostomatales; Ophiostomataceae; Grosmannia; Grosmannia clavigera] 
. . . . . . . . Chaetomium globosum CBS 148.51 ..............     2 hits    1 orgs [Sordariales; Chaetomiaceae; Chaetomium; Chaetomium globosum] 
. . . . . . Sclerotiniaceae .................................     4 hits    2 orgs [Leotiomycetes; Helotiales] 
. . . . . . . Botryotinia fuckeliana B05.10 .................     2 hits    1 orgs [Botryotinia; Botryotinia fuckeliana] 
. . . . . . . Sclerotinia sclerotiorum 1980 UF-70 ...........     2 hits    1 orgs [Sclerotinia; Sclerotinia sclerotiorum] 
. . . . . Eurotiomycetidae ..................................   109 hits   32 orgs [Eurotiomycetes] 
. . . . . . Onygenales ......................................    51 hits   17 orgs  
. . . . . . . Uncinocarpus reesii 1704 ......................     4 hits    1 orgs [Onygenaceae; Uncinocarpus; Uncinocarpus reesii] 
. . . . . . . mitosporic Onygenales .........................    19 hits    7 orgs  
. . . . . . . . Coccidioides ................................     9 hits    4 orgs  
. . . . . . . . . Coccidioides posadasii ....................     7 hits    3 orgs  
. . . . . . . . . . Coccidioides posadasii C735 delta SOWgp .     4 hits    1 orgs  
. . . . . . . . . . Coccidioides posadasii str. Silveira ....     2 hits    1 orgs  
. . . . . . . . . Coccidioides immitis RS ...................     2 hits    1 orgs [Coccidioides immitis] 
. . . . . . . . Paracoccidioides brasiliensis ...............    10 hits    3 orgs [Paracoccidioides] 
. . . . . . . . . Paracoccidioides brasiliensis Pb01 ........     4 hits    1 orgs  
. . . . . . . . . Paracoccidioides brasiliensis Pb18 ........     3 hits    1 orgs  
. . . . . . . . . Paracoccidioides brasiliensis Pb03 ........     3 hits    1 orgs  
. . . . . . . Arthroderma ...................................    12 hits    3 orgs [Arthrodermataceae] 
. . . . . . . . Arthroderma gypseum CBS 118893 ..............     4 hits    1 orgs [Arthroderma gypseum] 
. . . . . . . . Arthroderma otae CBS 113480 .................     4 hits    1 orgs [Arthroderma otae] 
. . . . . . . . Arthroderma benhamiae CBS 112371 ............     4 hits    1 orgs [Arthroderma benhamiae] 
. . . . . . . Ajellomyces ...................................    16 hits    6 orgs [Ajellomycetaceae] 
. . . . . . . . Ajellomyces capsulatus ......................     8 hits    4 orgs  
. . . . . . . . . Ajellomyces capsulatus G186AR .............     2 hits    1 orgs  
. . . . . . . . . Ajellomyces capsulatus H88 ................     2 hits    1 orgs  
. . . . . . . . . Ajellomyces capsulatus H143 ...............     2 hits    1 orgs  
. . . . . . . . . Ajellomyces capsulatus NAm1 ...............     2 hits    1 orgs  
. . . . . . . . Ajellomyces dermatitidis ....................     8 hits    2 orgs  
. . . . . . . . . Ajellomyces dermatitidis ER-3 .............     2 hits    1 orgs  
. . . . . . . . . Ajellomyces dermatitidis SLH14081 .........     6 hits    1 orgs  
. . . . . . Trichocomaceae ..................................    58 hits   15 orgs [Eurotiales] 
. . . . . . . mitosporic Trichocomaceae .....................    33 hits   10 orgs  
. . . . . . . . Penicillium .................................    10 hits    2 orgs  
. . . . . . . . . Penicillium marneffei ATCC 18224 ..........     4 hits    1 orgs [Penicillium marneffei] 
. . . . . . . . . Penicillium chrysogenum Wisconsin 54-1255 .     6 hits    1 orgs [Penicillium chrysogenum complex; Penicillium chrysogenum] 
. . . . . . . . Aspergillus .................................    23 hits    8 orgs  
. . . . . . . . . Aspergillus terreus NIH2624 ...............     6 hits    1 orgs [Aspergillus terreus] 
. . . . . . . . . Aspergillus niger .........................     4 hits    2 orgs  
. . . . . . . . . . Aspergillus niger CBS 513.88 ............     2 hits    1 orgs  
. . . . . . . . . Aspergillus kawachii ......................     1 hits    1 orgs  
. . . . . . . . . Aspergillus clavatus NRRL 1 ...............     4 hits    1 orgs [Aspergillus clavatus] 
. . . . . . . . . Aspergillus oryzae ........................     4 hits    2 orgs  
. . . . . . . . . . Aspergillus oryzae RIB40 ................     2 hits    1 orgs  
. . . . . . . . . Aspergillus flavus NRRL3357 ...............     4 hits    1 orgs [Aspergillus flavus] 
. . . . . . . Talaromyces stipitatus ATCC 10500 .............     4 hits    1 orgs [Talaromyces; Talaromyces stipitatus] 
. . . . . . . Neosartorya ...................................    15 hits    3 orgs  
. . . . . . . . Aspergillus fumigatus .......................     9 hits    2 orgs [Neosartorya fumigata] 
. . . . . . . . . Aspergillus fumigatus Af293 ...............     6 hits    1 orgs  
. . . . . . . . . Aspergillus fumigatus A1163 ...............     3 hits    1 orgs  
. . . . . . . . Neosartorya fischeri NRRL 181 ...............     6 hits    1 orgs [Neosartorya fischeri group; Neosartorya fischeri] 
. . . . . . . Aspergillus nidulans FGSC A4 ..................     6 hits    1 orgs [Emericella; Emericella nidulans; mitosporic Emericella nidulans] 
. . . . . Pleosporineae .....................................     8 hits    4 orgs [dothideomyceta; Dothideomycetes; Pleosporomycetidae; Pleosporales] 
. . . . . . Leptosphaeria maculans ..........................     1 hits    1 orgs [Leptosphaeriaceae; Leptosphaeria; Leptosphaeria maculans complex] 
. . . . . . Phaeosphaeria nodorum SN15 ......................     4 hits    1 orgs [Phaeosphaeriaceae; Phaeosphaeria; Phaeosphaeria nodorum] 
. . . . . . Pyrenophora .....................................     3 hits    2 orgs [Pleosporaceae] 
. . . . . . . Pyrenophora tritici-repentis Pt-1C-BFP ........     2 hits    1 orgs [Pyrenophora tritici-repentis] 
. . . . . . . Pyrenophora teres f. teres 0-1 ................     1 hits    1 orgs [Pyrenophora teres; Pyrenophora teres f. teres] 
. . . . Tuber ...............................................    10 hits    2 orgs [Pezizomycetes; Pezizales; Tuberaceae] 
. . . . . Tuber melanosporum ................................    10 hits    2 orgs  
. . . . . . Tuber melanosporum Mel28 ........................     5 hits    1 orgs  
. . . Yarrowia ..............................................     2 hits    2 orgs [Saccharomycotina; Saccharomycetes; Saccharomycetales; Dipodascaceae] 
. . . . Yarrowia lipolytica .................................     2 hits    2 orgs  
. . . . . Yarrowia lipolytica CLIB122 .......................     1 hits    1 orgs  
. . Schizosaccharomyces japonicus yFS275 ....................     2 hits    1 orgs [Taphrinomycotina; Schizosaccharomycetes; Schizosaccharomycetales; Schizosaccharomycetaceae; Schizosaccharomyces; 
Schizosaccharomyces japonicus] 
. Zea mays ..................................................     2 hits    1 orgs [Viridiplantae; Streptophyta; Streptophytina; Embryophyta; Tracheophyta; Euphyllophyta; Spermatophyta; Magnoliophyta; Liliopsida; commelinids; 




Sequences Homologous to the Protein of EST C00482 and ClustalW alignment 








Previously identified Bgh Protein: 
>gi|46395596|sp|Q96V64.1|EXG_BLUGR RecName: Full=Glucan 1,3-beta-





















>gi|154321217|ref|XP_001559924.1| hypothetical protein BC1G_01483 








>gi|242802088|ref|XP_002483905.1| exo-beta-1,3-glucanase (Exg1), putative 


















>gi|212540402|ref|XP_002150356.1| exo-beta-1,3-glucanase (Exg1), putative 









>gi|311322427|gb|EFQ89593.1| hypothetical protein PTT_14064 [Pyrenophora 








>gi|189209353|ref|XP_001941009.1| glucan 1,3-beta-glucosidase precursor 






































>gi|169595726|ref|XP_001791287.1| hypothetical protein SNOG_00606 








>gi|115391045|ref|XP_001213027.1| glucan 1,3-beta-glucosidase precursor 








>gi|294956574|sp|B0XN12.1|EXGA_ASPFC RecName: Full=Probable glucan 1,3-
beta-glucosidase A; AltName: Full=Exo-1,3-beta-glucanase 1; AltName: 


















>gi|119497053|ref|XP_001265295.1| exo-beta-1,3-glucanase (Exg1), putative 



































>gi|225562785|gb|EEH11064.1| glucan 1,3-beta-glucosidase precursor 








>gi|46395594|sp|Q8NKF9.1|EXG_CANOL RecName: Full=Glucan 1,3-beta-










>gi|149244260|ref|XP_001526673.1| glucan 1,3-beta-glucosidase precursor 









>gi|294956597|sp|Q5B5X8.2|EXGA_EMENI RecName: Full=Probable glucan 1,3-
beta-glucosidase A; AltName: Full=Exo-1,3-beta-glucanase 1; AltName: 








>gi|145255120|ref|XP_001398868.1| glucan 1,3-beta-glucosidase A 








>gi|67527343|ref|XP_661656.1| hypothetical protein AN4052.2 [Aspergillus 









>gi|295663871|ref|XP_002792488.1| glucan 1,3-beta-glucosidase 








>gi|317144408|ref|XP_001820101.2| glucan 1,3-beta-glucosidase A 








>gi|294956598|sp|A1CRV0.2|EXGA_ASPCL RecName: Full=Probable glucan 1,3-
beta-glucosidase A; AltName: Full=Exo-1,3-beta-glucanase 1; AltName: 








>gi|238486196|ref|XP_002374336.1| exo-beta-1,3-glucanase (Exg1), putative 























































>gi|146387703|pdb|2PB1|A Chain A, Exo-B-(1,3)-Glucanase From Candida 
Albicans In Complex With Unhydrolysed And Covalently Linked 2,4-








>gi|6980631|pdb|1CZ1|A Chain A, Exo-B-(1,3)-Glucanase From Candida Albicans 








>gi|171848759|pdb|2PC8|A Chain A, E292q Mutant Of Exo-B-(1,3)-Glucanase 
From Candida Albicans In Complex With Two Separately Bound Glucopyranoside 








>gi|171848757|pdb|2PBO|A Chain A, E27q Mutant Of Exo-B-(1,3)-Glucanase From 








>gi|255730225|ref|XP_002550037.1| glucan 1,3-beta-glucosidase precursor 


















>gi|306991909|pdb|3O6A|A Chain A, F144yF258Y DOUBLE MUTANT OF EXO-Beta-1,3-








>gi|171848779|pdb|2PF0|A Chain A, F258i Mutant Of Exo-B-(1,3)-Glucanase 








>gi|260942561|ref|XP_002615579.1| hypothetical protein CLUG_04461 








>gi|150866234|ref|XP_001385760.2| Glucan 1,3-beta-glucosidase precursor 





























>gi|241948457|ref|XP_002416951.1| exo-1,3-beta-glucanase I/II, putative; 










>gi|46395631|sp|O93983.1|EXG2_HANAN RecName: Full=Glucan 1,3-beta-










>gi|46395581|sp|Q12626.1|EXG_PICAN RecName: Full=Glucan 1,3-beta-










>gi|306991776|pdb|3N9K|A Chain A, F229aE292S DOUBLE MUTANT OF EXO-Beta-1,3-








>gi|121703065|ref|XP_001269797.1| exo-beta-1,3-glucanase (Exg1), putative 









>gi|154297285|ref|XP_001549070.1| hypothetical protein BC1G_12478 








>gi|254568502|ref|XP_002491361.1| Major exo-1,3-beta-glucanase of the cell 








>gi|156053854|ref|XP_001592853.1| hypothetical protein SS1G_05775 


























>gi|46395583|sp|Q12700.1|EXG_DEBOC RecName: Full=Glucan 1,3-beta-






















































































































>gi|296811334|ref|XP_002846005.1| glucan 1,3-beta-glucosidase [Arthroderma 








































































>gi|189197111|ref|XP_001934893.1| glucan 1,3-beta-glucosidase precursor 




































>gi|311320725|gb|EFQ88562.1| hypothetical protein PTT_15505 [Pyrenophora 


















>gi|302660275|ref|XP_003021818.1| glucanase, putative [Trichophyton 























































>gi|302511267|ref|XP_003017585.1| glucanase, putative [Arthroderma 
















>gi|169622109|ref|XP_001804464.1| hypothetical protein SNOG_14269 









>gi|46395589|sp|Q875R9.1|EXG_SACKL RecName: Full=Glucan 1,3-beta-










>gi|323507766|emb|CBQ67637.1| probable EXG1-exo-beta-1,3-glucanase (I/II), 









>gi|302695291|ref|XP_003037324.1| glycoside hydrolase family 5 protein 








>gi|146413633|ref|XP_001482787.1| hypothetical protein PGUG_04742 








>gi|315044365|ref|XP_003171558.1| glucan 1,3-beta-glucosidase [Arthroderma 








>gi|190348224|gb|EDK40644.2| hypothetical protein PGUG_04742 [Meyerozyma 








>gi|170085633|ref|XP_001874040.1| glycoside hydrolase family 5 protein 
















































CLUSTAL W (1.81) multiple sequence alignment 
 
 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
3_Candida_albicans                  -------------------------------------------------- 
7_Candida_Albicans                  -------------------------------------------------- 
4_Candida_Albicans                  -------------------------------------------------- 
6_Candida_Albicans                  -------------------------------------------------- 
10_Candida_Albicans                 -------------------------------------------------- 
9_Candida_Albicans                  -------------------------------------------------- 
11_Candida_Albicans                 -------------------------------------------------- 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           -------------------------------------------------- 
Candida_tropicalis_MYA-3404         -------------------------------------------------- 
Lodderomyces_elongisporus_NRRL      -------------------------------------------------- 
_Candida_oleophila                  -------------------------------------------------- 
Scheffersomyces_stipitis_CBS_6      -------------------------------------------------- 
Schwanniomyces_occidentalis         -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        -------------------------------------------------- 
Clavispora_lusitaniae_ATCC_427      -------------------------------------------------- 
Wickerhamomyces_anomalus            -------------------------------------------------- 
_Wickerhamomyces_anomalus           -------------------------------------------------- 
Williopsis_saturnus                 -------------------------------------------------- 
2_Pichia_angusta_DL-1               -------------------------------------------------- 
Pichia_pastoris_GS115               -------------------------------------------------- 
Kluyveromyces_lactis_NRRL_Y-11      -------------------------------------------------- 
gi|46395589|sp|Q875R9.1|EXG_SA      -------------------------------------------------- 
Ashbya_gossypii_ATCC_10895          -------------------------------------------------- 
1_Yarrowia_lipolytica               -------------------------------------------------- 
1_S.sclero                          -------------------------------------------------- 
1_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
bgh00086_mRNA                       -------------------------------------------------- 
1_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
1_Pyrenophora_tritici-repentis      -------------------------------------------------- 
1_Leptosphaeria_maculans            MSKRETLAQPSGNSREDEVWVGWYLTSRGGTKLRRWTARTNDVIAKDSLT 
1_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
14_Paracoccidioides_brasiliens      -------------------------------------------------- 
19_Paracoccidioides_brasiliens      -------------------------------------------------- 
18_Paracoccidioides_brasiliens      -------------------------------------------------- 
13_Paracoccidioides_brasiliens      -------------------------------------------------- 
11_Paracoccidioides_brasiliens      -------------------------------------------------- 
17_Paracoccidioides_brasiliens      -------------------------------------------------- 
6_Paracoccidioides_brasiliensi      -------------------------------------------------- 
10_Paracoccidioides_brasiliens      -------------------------------------------------- 
8_Paracoccidioides_brasiliensi      -------------------------------------------------- 
12_Paracoccidioides_brasiliens      -------------------------------------------------- 
_Paracoccidioides_brasiliensis      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
7_Paracoccidioides_brasiliensi      -------------------------------------------------- 
21_Paracoccidioides_brasiliens      -------------------------------------------------- 
20_Paracoccidioides_brasiliens      -------------------------------------------------- 
9_Paracoccidioides_brasiliensi      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
4_Paracoccidioides_brasiliensi      -------------------------------------------------- 
5_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Paracoccidioides_brasiliensis_      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_ER-      -------------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
Aspergillus_fumigatus_Af293         -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
_Aspergillus_clavatus               -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
_Aspergillus_nidulans               -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
2_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
2_Sclerotinia_sclerotiorum_198      -------------------------------------------------- 
2_Pyrenophora_tritici-repentis      -------------------------------------------------- 
2_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
Cochliobolus_carbonum               -------------------------------------------------- 
2_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
2_Leptosphaeria_maculans            -------------------------------------------------- 
Ustilago_maydis_521                 -------------------------------------------------- 
Sporisorium_reilianum               -------------------------------------------------- 
Agaricus_bisporus                   -------------------------------------------------- 
Laccaria_bicolor_S238N-H82          -------------------------------------------------- 
Coprinopsis_cinerea_okayama7#1      -------------------------------------------------- 
Schizophyllum_commune_H4-8          -------------------------------------------------- 
                                                                                       
 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
3_Candida_albicans                  -------------------------------------------------- 
7_Candida_Albicans                  -------------------------------------------------- 
4_Candida_Albicans                  -------------------------------------------------- 
6_Candida_Albicans                  -------------------------------------------------- 
10_Candida_Albicans                 -------------------------------------------------- 
9_Candida_Albicans                  -------------------------------------------------- 
11_Candida_Albicans                 -------------------------------------------------- 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           -------------------------------------------------- 
Candida_tropicalis_MYA-3404         -------------------------------------------------- 
Lodderomyces_elongisporus_NRRL      -------------------------------------------------- 
_Candida_oleophila                  -------------------------------------------------- 
Scheffersomyces_stipitis_CBS_6      -------------------------------------------------- 
Schwanniomyces_occidentalis         -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        -------------------------------------------------- 
Clavispora_lusitaniae_ATCC_427      -------------------------------------------------- 
Wickerhamomyces_anomalus            -------------------------------------------------- 
_Wickerhamomyces_anomalus           -------------------------------------------------- 
Williopsis_saturnus                 -------------------------------------------------- 
2_Pichia_angusta_DL-1               -------------------------------------------------- 
Pichia_pastoris_GS115               -------------------------------------------------- 
Kluyveromyces_lactis_NRRL_Y-11      -------------------------------------------------- 
gi|46395589|sp|Q875R9.1|EXG_SA      -------------------------------------------------- 
Ashbya_gossypii_ATCC_10895          -------------------------------------------------- 
1_Yarrowia_lipolytica               -------------------------------------------------- 
1_S.sclero                          -------------------------------------------------- 
1_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
bgh00086_mRNA                       -------------------------------------------------- 
1_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
1_Pyrenophora_tritici-repentis      -------------------------------------------------- 
1_Leptosphaeria_maculans            TMVLGIQVRCLAFSLRPPPSFSHCPPLFIIMPCLGRLRASEWHLNGIIPR 
1_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
14_Paracoccidioides_brasiliens      -------------------------------------------------- 
19_Paracoccidioides_brasiliens      -------------------------------------------------- 
18_Paracoccidioides_brasiliens      -------------------------------------------------- 
13_Paracoccidioides_brasiliens      -------------------------------------------------- 
11_Paracoccidioides_brasiliens      -------------------------------------------------- 
17_Paracoccidioides_brasiliens      -------------------------------------------------- 
6_Paracoccidioides_brasiliensi      -------------------------------------------------- 
10_Paracoccidioides_brasiliens      -------------------------------------------------- 
8_Paracoccidioides_brasiliensi      -------------------------------------------------- 
12_Paracoccidioides_brasiliens      -------------------------------------------------- 
_Paracoccidioides_brasiliensis      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
7_Paracoccidioides_brasiliensi      -------------------------------------------------- 
21_Paracoccidioides_brasiliens      -------------------------------------------------- 
20_Paracoccidioides_brasiliens      -------------------------------------------------- 
9_Paracoccidioides_brasiliensi      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
4_Paracoccidioides_brasiliensi      -------------------------------------------------- 
5_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Paracoccidioides_brasiliensis_      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_ER-      -------------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
Aspergillus_fumigatus_Af293         -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
_Aspergillus_clavatus               -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
_Aspergillus_nidulans               -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
2_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
2_Sclerotinia_sclerotiorum_198      -------------------------------------------------- 
2_Pyrenophora_tritici-repentis      -------------------------------------------------- 
2_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
Cochliobolus_carbonum               -------------------------------------------------- 
2_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
2_Leptosphaeria_maculans            -------------------------------------------------- 
Ustilago_maydis_521                 -------------------------------------------------- 
Sporisorium_reilianum               -------------------------------------------------- 
Agaricus_bisporus                   -------------------------------------------------- 
Laccaria_bicolor_S238N-H82          -------------------------------------------------- 
Coprinopsis_cinerea_okayama7#1      -------------------------------------------------- 
Schizophyllum_commune_H4-8          -------------------------------------------------- 
                                                                                       
 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
3_Candida_albicans                  -------------------------------------------------- 
7_Candida_Albicans                  -------------------------------------------------- 
4_Candida_Albicans                  -------------------------------------------------- 
6_Candida_Albicans                  -------------------------------------------------- 
10_Candida_Albicans                 -------------------------------------------------- 
9_Candida_Albicans                  -------------------------------------------------- 
11_Candida_Albicans                 -------------------------------------------------- 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           -------------------------------------------------- 
Candida_tropicalis_MYA-3404         -------------------------------------------------- 
Lodderomyces_elongisporus_NRRL      -------------------------------------------------- 
_Candida_oleophila                  -------------------------------------------------- 
Scheffersomyces_stipitis_CBS_6      -------------------------------------------------- 
Schwanniomyces_occidentalis         -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        -------------------------------------------------- 
Clavispora_lusitaniae_ATCC_427      -------------------------------------------------- 
Wickerhamomyces_anomalus            -------------------------------------------------- 
_Wickerhamomyces_anomalus           -------------------------------------------------- 
Williopsis_saturnus                 -------------------------------------------------- 
2_Pichia_angusta_DL-1               -------------------------------------------------- 
Pichia_pastoris_GS115               -------------------------------------------------- 
Kluyveromyces_lactis_NRRL_Y-11      -------------------------------------------------- 
gi|46395589|sp|Q875R9.1|EXG_SA      -------------------------------------------------- 
Ashbya_gossypii_ATCC_10895          -------------------------------------------------- 
1_Yarrowia_lipolytica               -------------------------------------------------- 
1_S.sclero                          -------------------------------------------------- 
1_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
bgh00086_mRNA                       -------------------------------------------------- 
1_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
1_Pyrenophora_tritici-repentis      -------------------------------------------------- 
1_Leptosphaeria_maculans            SLGIIASTTHDYAPSTRRLPTRYFLDMYLQVGTVECRYYAGLAATQDGSH 
1_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
14_Paracoccidioides_brasiliens      -------------------------------------------------- 
19_Paracoccidioides_brasiliens      -------------------------------------------------- 
18_Paracoccidioides_brasiliens      -------------------------------------------------- 
13_Paracoccidioides_brasiliens      -------------------------------------------------- 
11_Paracoccidioides_brasiliens      -------------------------------------------------- 
17_Paracoccidioides_brasiliens      -------------------------------------------------- 
6_Paracoccidioides_brasiliensi      -------------------------------------------------- 
10_Paracoccidioides_brasiliens      -------------------------------------------------- 
8_Paracoccidioides_brasiliensi      -------------------------------------------------- 
12_Paracoccidioides_brasiliens      -------------------------------------------------- 
_Paracoccidioides_brasiliensis      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
7_Paracoccidioides_brasiliensi      -------------------------------------------------- 
21_Paracoccidioides_brasiliens      -------------------------------------------------- 
20_Paracoccidioides_brasiliens      -------------------------------------------------- 
9_Paracoccidioides_brasiliensi      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
4_Paracoccidioides_brasiliensi      -------------------------------------------------- 
5_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Paracoccidioides_brasiliensis_      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_ER-      -------------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
Aspergillus_fumigatus_Af293         -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
_Aspergillus_clavatus               -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
_Aspergillus_nidulans               -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
2_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
2_Sclerotinia_sclerotiorum_198      -------------------------------------------------- 
2_Pyrenophora_tritici-repentis      -------------------------------------------------- 
2_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
Cochliobolus_carbonum               -------------------------------------------------- 
2_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
2_Leptosphaeria_maculans            -------------------------------------------------- 
Ustilago_maydis_521                 -------------------------------------------------- 
Sporisorium_reilianum               -------------------------------------------------- 
Agaricus_bisporus                   -------------------------------------------------- 
Laccaria_bicolor_S238N-H82          -------------------------------------------------- 
Coprinopsis_cinerea_okayama7#1      -------------------------------------------------- 
Schizophyllum_commune_H4-8          -------------------------------------------------- 
                                                                                       
 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
3_Candida_albicans                  -------------------------------------------------- 
7_Candida_Albicans                  -------------------------------------------------- 
4_Candida_Albicans                  -------------------------------------------------- 
6_Candida_Albicans                  -------------------------------------------------- 
10_Candida_Albicans                 -------------------------------------------------- 
9_Candida_Albicans                  -------------------------------------------------- 
11_Candida_Albicans                 -------------------------------------------------- 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           -------------------------------------------------- 
Candida_tropicalis_MYA-3404         -------------------------------------------------- 
Lodderomyces_elongisporus_NRRL      -------------------------------------------------- 
_Candida_oleophila                  -------------------------------------------------- 
Scheffersomyces_stipitis_CBS_6      -------------------------------------------------- 
Schwanniomyces_occidentalis         -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        -------------------------------------------------- 
Clavispora_lusitaniae_ATCC_427      -------------------------------------------------- 
Wickerhamomyces_anomalus            -------------------------------------------------- 
_Wickerhamomyces_anomalus           -------------------------------------------------- 
Williopsis_saturnus                 -------------------------------------------------- 
2_Pichia_angusta_DL-1               -------------------------------------------------- 
Pichia_pastoris_GS115               -------------------------------------------------- 
Kluyveromyces_lactis_NRRL_Y-11      -------------------------------------------------- 
gi|46395589|sp|Q875R9.1|EXG_SA      -------------------------------------------------- 
Ashbya_gossypii_ATCC_10895          -------------------------------------------------- 
1_Yarrowia_lipolytica               -------------------------------------------------- 
1_S.sclero                          -------------------------------------------------- 
1_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
bgh00086_mRNA                       -------------------------------------------------- 
1_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
1_Pyrenophora_tritici-repentis      -------------------------------------------------- 
1_Leptosphaeria_maculans            ISHSHGKAEVLTRSKTLSIFWKLCLEEWARMYTSRQSPHPLALSKSVQLA 
1_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
14_Paracoccidioides_brasiliens      -------------------------------------------------- 
19_Paracoccidioides_brasiliens      -------------------------------------------------- 
18_Paracoccidioides_brasiliens      -------------------------------------------------- 
13_Paracoccidioides_brasiliens      -------------------------------------------------- 
11_Paracoccidioides_brasiliens      -------------------------------------------------- 
17_Paracoccidioides_brasiliens      -------------------------------------------------- 
6_Paracoccidioides_brasiliensi      -------------------------------------------------- 
10_Paracoccidioides_brasiliens      -------------------------------------------------- 
8_Paracoccidioides_brasiliensi      -------------------------------------------------- 
12_Paracoccidioides_brasiliens      -------------------------------------------------- 
_Paracoccidioides_brasiliensis      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
7_Paracoccidioides_brasiliensi      -------------------------------------------------- 
21_Paracoccidioides_brasiliens      -------------------------------------------------- 
20_Paracoccidioides_brasiliens      -------------------------------------------------- 
9_Paracoccidioides_brasiliensi      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
4_Paracoccidioides_brasiliensi      -------------------------------------------------- 
5_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Paracoccidioides_brasiliensis_      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_ER-      -------------------------------------------------- 
2_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
Aspergillus_fumigatus_Af293         -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
_Aspergillus_clavatus               -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
_Aspergillus_nidulans               -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        ---------------------MGITGCGDARLRAFSQSSIRDQAATCKNA 
2_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
2_Sclerotinia_sclerotiorum_198      -------------------------------------------------- 
2_Pyrenophora_tritici-repentis      -------------------------------------------------- 
2_Pyrenophora_teres_f._teres_0      -------------------------------------------------- 
Cochliobolus_carbonum               -------------------------------------------------- 
2_Phaeosphaeria_nodorum_SN15        -------------------------------------------------- 
2_Leptosphaeria_maculans            ------MQATKPSRACQVVSSDHAAMFKVSCREVLQGIVPPHGVRCVRKE 
Ustilago_maydis_521                 -------------------------------------------MLLKHTL 
Sporisorium_reilianum               -------------------------------------------MMLKFSL 
Agaricus_bisporus                   -------------------------------------------------- 
Laccaria_bicolor_S238N-H82          -------------------------------------------------- 
Coprinopsis_cinerea_okayama7#1      -------------------------------------------------- 
Schizophyllum_commune_H4-8          -------------------------------------------------- 
                                                                                       
 
1_Candida_albicans_SC5314           ----------------------------MQLSFILTSSVFILLLEFVKAS 
2_Candida_albicans_SC5314           ----------------------------MQLSFILTSSVFILLLEFVKAS 
3_Candida_albicans                  ----------------------------MQLSFILTSSVFILLLEFVKAS 
7_Candida_Albicans                  -------------------------------------------------- 
4_Candida_Albicans                  -------------------------------------------------- 
6_Candida_Albicans                  -------------------------------------------------- 
10_Candida_Albicans                 -------------------------------------------------- 
9_Candida_Albicans                  -------------------------------------------------- 
11_Candida_Albicans                 -------------------------------------------------- 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           ----------------------------MQLSFILTSSVFILLLEFVKAS 
Candida_tropicalis_MYA-3404         -----------------------------MQLSLLSSSVILLLVQLINAV 
Lodderomyces_elongisporus_NRRL      ----------------------------MKVQFFAILAIFIALLDALIIK 
_Candida_oleophila                  --------------------------------------------MLLTFA 
Scheffersomyces_stipitis_CBS_6      ----------------------------MVQLTSIVSSILVLSQSLLVAS 
Schwanniomyces_occidentalis         ---------------------------------------MNLTLLLLALI 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        ----------------------------------MVIASSVAGHLMAIFA 
Clavispora_lusitaniae_ATCC_427      ----------------------------------------------MKLL 
Wickerhamomyces_anomalus            ---------------------------------------MLISTFIISSL 
_Wickerhamomyces_anomalus           ---------------------------------------MLISTFIISSL 
Williopsis_saturnus                 -----------------------------------------MKLLSLLTL 
2_Pichia_angusta_DL-1               -------------------------------------------MKFSSFS 
Pichia_pastoris_GS115               ------------------------------------------------MN 
Kluyveromyces_lactis_NRRL_Y-11      --------------------------------MLSMQVVSLISLLVSVCL 
gi|46395589|sp|Q875R9.1|EXG_SA      ---------------------------------MLLSLLFLLSTFAFGAL 
Ashbya_gossypii_ATCC_10895          -------------------------MMRTVTSSTLMLALGMALWCLSGVA 
1_Yarrowia_lipolytica               --------------------------------------------MKLTKL 
1_S.sclero                          --------------------------------------------MVSSFR 
1_Botryotinia_fuckeliana_B05.1      -------------------------------------------------- 
bgh00086_mRNA                       --------------------------------------------MLYPRA 
1_Pyrenophora_teres_f._teres_0      ----------------------------------------MVRHWTSVAL 
1_Pyrenophora_tritici-repentis      ----------------------------------------MVRHWTSVAL 
1_Leptosphaeria_maculans            LRRCVTGLGGKLSSLVYGTGVGLDPEYAYCKRPRAENIVNMVGHWTITAA 
1_Phaeosphaeria_nodorum_SN15        ----------------------------------------MVGQYLTAAA 
Tuber_melanosporum_Mel28            -------------------------------------MHLKSHLLAASLV 
14_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
19_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
18_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
13_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
11_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
17_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
6_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
10_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
8_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
12_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
_Paracoccidioides_brasiliensis      ----------------------------------------MNFSSLNLAL 
3_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
7_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
21_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
20_Paracoccidioides_brasiliens      ----------------------------------------MNFSSLNLAL 
9_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
1_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
2_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
4_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
5_Paracoccidioides_brasiliensi      ----------------------------------------MNFSSLNLAL 
Paracoccidioides_brasiliensis_      ----------------------------------------MNLSSLNLAL 
1_Ajellomyces_dermatitidis_ER-      ---------------------------------------MATLKPFKLVF 
2_Ajellomyces_dermatitidis_SLH      ---------------------------------------MATLKPFKLVF 
1_Ajellomyces_capsulatus_H88        ---------------------------------------MAPLKSLKLAF 
Trichophyton_verrucosum_HKI_05      ----------------------------------------------MKFG 
Arthroderma_benhamiae_CBS_1123      ----------------------------------------------MKFG 
Arthroderma_gypseum_CBS_118893      ----------------------------------------------MKFG 
Arthroderma_otae_CBS_113480         ----------------------------------------------MRFG 
Talaromyces_stipitatus_ATCC_10      --------------------------------------MIFSKMQNITLA 
Penicillium_marneffei_ATCC_182      --------------------------------------MIFSKIPNTALA 
Penicillium_chrysogenum_Wiscon      -------------------------------------MPTMSKFSQKSLL 
Aspergillus_fumigatus_Af293         ---------------------------------------MIFKFSQKALV 
Neosartorya_fischeri_NRRL_181       ---------------------------------------MIFKFSQKALV 
_Aspergillus_clavatus               ---------------------------------------MLSRLSQTALV 
Aspergillus_clavatus_NRRL_1         ---------------------------------------MLSRLSQTALV 
Aspergillus_oryzae_RIB40            ----------------------------------------MFIKLLNKAL 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        ---------------------------------------MFVESAKKALL 
Aspergillus_terreus_NIH2624         ----------------------------------------MLYNLSKAVL 
_Aspergillus_nidulans               -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        GVRKSSLAETLSTSRLGSYYRQLPQTATRATTAISRLWRRGHRQTAYSFI 
2_Botryotinia_fuckeliana_B05.1      -------------------------------------------MYFTNTV 
2_Sclerotinia_sclerotiorum_198      -------------------------------------------MFFKNTV 
2_Pyrenophora_tritici-repentis      -------------------------------------------MIFSRTI 
2_Pyrenophora_teres_f._teres_0      -------------------------------------------MIFSRTI 
Cochliobolus_carbonum               -------------------------------------------MILTKLV 
2_Phaeosphaeria_nodorum_SN15        -------------------------------------------MILARAL 
2_Leptosphaeria_maculans            RYKRDRVQVLPIQFLGARRSTQQSKGQHYISMLGVDITYSSGSRVFFTLV 
Ustilago_maydis_521                 LPALASAIALLSQRTTASP--IGAFVPPGNDTGPVIRADTSGKLYDSLLD 
Sporisorium_reilianum               LPVLVSALALVSRPSTAAPSAVGGFVPAGQDSRPVVRATAEGKLQDSLLN 
Agaricus_bisporus                   --------------------------------------------MLSSRA 
Laccaria_bicolor_S238N-H82          -------------------------------------------MVALIRS 
Coprinopsis_cinerea_okayama7#1      -----------------------------------------MRRTLVTLL 
Schizophyllum_commune_H4-8          ------------------------------------------------MA 
                                                                                       
 
1_Candida_albicans_SC5314           VISNPFKPNGNLKFKRGGGH------------------------------ 
2_Candida_albicans_SC5314           VISNPFKPNGNLKFKRGGGH------------------------------ 
3_Candida_albicans                  VISNPFKPNGNLKFKRGGGH------------------------------ 
7_Candida_Albicans                  ----------------GGGH------------------------------ 
4_Candida_Albicans                  ----------------GGGH------------------------------ 
6_Candida_Albicans                  ----------------GGGH------------------------------ 
10_Candida_Albicans                 ----------------GGGH------------------------------ 
9_Candida_Albicans                  -----------------GGH------------------------------ 
11_Candida_Albicans                 -----------------GGH------------------------------ 
5_Candida_Albicans                  -------------------------------------------------- 
Candida_dubliniensis_CD36           VISNPFKPNGNLKFKRGGGH------------------------------ 
Candida_tropicalis_MYA-3404         AISNPSKSNG---VKFKRGG------------------------------ 
Lodderomyces_elongisporus_NRRL      RQEEGNSASLDSANSNLKSK------------------------------ 
_Candida_oleophila                  PIFLLISSIVAAPTLQLQRK------------------------------ 
Scheffersomyces_stipitis_CBS_6      ASINNPLLDNNNNLKKLTKK------------------------------ 
Schwanniomyces_occidentalis         FSPSLIFSLPTANKVKLVKK------------------------------ 
1_Meyerozyma_guilliermondii_AT      -MLPYFFMMAATFAAAITRR------------------------------ 
Debaryomyces_hansenii_CBS767        IIGICVAAPFTPKNGKLVKK------------------------------ 
Clavispora_lusitaniae_ATCC_427      VSLASLATSVLAASVPLSKR------------------------------ 
Wickerhamomyces_anomalus            LSIALANPIPSRGGTQFYKR------------------------------ 
_Wickerhamomyces_anomalus           LSIALANPIPSRGGTQFYKR------------------------------ 
Williopsis_saturnus                 ALGALSSPIPSQGGAQIYKR------------------------------ 
2_Pichia_angusta_DL-1               LIASSLLSLVAAAPVTLLKR------------------------------ 
Pichia_pastoris_GS115               LYLITLLFASLCSAITLPKR------------------------------ 
Kluyveromyces_lactis_NRRL_Y-11      AQPLPLS------------------------------------------- 
gi|46395589|sp|Q875R9.1|EXG_SA      TQPVPAKSENNVQFLHSKNK------------------------------ 
Ashbya_gossypii_ATCC_10895          ARPLPALTPNSIQVVTN--T------------------------------ 
1_Yarrowia_lipolytica               VALAGAALASPIQLVPREGS------------------------------ 
1_S.sclero                          TLIIAACLLVTEATPLLKKK------------------------------ 
1_Botryotinia_fuckeliana_B05.1      ---------MTEATPLLKKK------------------------------ 
bgh00086_mRNA                       LLPAAVALASLVLAVPLEER------------------------------ 
1_Pyrenophora_teres_f._teres_0      G---LLAISTNASPVQNMKR------------------------------ 
1_Pyrenophora_tritici-repentis      G---LLAISTNASPVQNMKR------------------------------ 
1_Leptosphaeria_maculans            VGILASIANASPLDHINLKR------------------------------ 
1_Phaeosphaeria_nodorum_SN15        VG---LLALSSASPLQPVKR------------------------------ 
Tuber_melanosporum_Mel28            GGVQSSFLPWNQARGDLGTR------------------------------ 
14_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
19_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
18_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
13_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
11_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
17_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
6_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
10_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
8_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
12_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
_Paracoccidioides_brasiliensis      ASCVLAWVCLASASSHVAS------------------------------- 
3_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
7_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
21_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHVAS------------------------------- 
20_Paracoccidioides_brasiliens      ASCVLAWVCLASASSHGAS------------------------------- 
9_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
1_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
2_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
4_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
5_Paracoccidioides_brasiliensi      ASCVLAWVCLASASSHVAS------------------------------- 
Paracoccidioides_brasiliensis_      ASCVLAWVSLASASSHVTS------------------------------- 
1_Ajellomyces_dermatitidis_ER-      ACFFLAWVVMASATPHAAPP------------------------------ 
2_Ajellomyces_dermatitidis_SLH      ACFFLAWVFMASATPHAAPP------------------------------ 
1_Ajellomyces_capsulatus_H88        VCLSLTWVSIASAATHVVR------------------------------- 
Trichophyton_verrucosum_HKI_05      SLLGLSLVGLSVASPVTNVW------------------------------ 
Arthroderma_benhamiae_CBS_1123      SLLGLSLVGLSVASPVTNVW------------------------------ 
Arthroderma_gypseum_CBS_118893      ALFGLSLVGLSVASPVSNVW------------------------------ 
Arthroderma_otae_CBS_113480         YLFGLSLISLSVASPVSTVW------------------------------ 
Talaromyces_stipitatus_ATCC_10      ALATFMALAQAAPGVRVESR------------------------------ 
Penicillium_marneffei_ATCC_182      ALATLSALAQAAPGVRVEPR------------------------------ 
Penicillium_chrysogenum_Wiscon      GLSLLAALVQATPTVSLN-------------------------------- 
Aspergillus_fumigatus_Af293         ALYLVVGLAEAVPSKSRVVS------------------------------ 
Neosartorya_fischeri_NRRL_181       ALCLVVGLAEAVPSKSRVVS------------------------------ 
_Aspergillus_clavatus               ALSLMTVLTEAVPSRMRIQT------------------------------ 
Aspergillus_clavatus_NRRL_1         ALSLMTVLTEAVPSRMRIQT------------------------------ 
Aspergillus_oryzae_RIB40            LVLGLLSAGTQAATIRLDPR------------------------------ 
Aspergillus_flavus_NRRL3357         MLPLLLCIVPYCWSSRLDPR------------------------------ 
Aspergillus_niger_CBS_513.88        ALSLLAASAQAVPRVRRQGA------------------------------ 
Aspergillus_terreus_NIH2624         ALSVLAASADAAG-IRLEKR------------------------------ 
_Aspergillus_nidulans               --MFPRISQAAILAHSLLAV------------------------------ 
Aspergillus_nidulans_FGSC_A4        LRLRIILLPLLKFSLTRSSL------------------------------ 
2_Botryotinia_fuckeliana_B05.1      GTLLAATLVASKPIYQR--------------------------------- 
2_Sclerotinia_sclerotiorum_198      GSLLVATLVASKPIYQR--------------------------------- 
2_Pyrenophora_tritici-repentis      IALSLSVAALAAPTEK---------------------------------- 
2_Pyrenophora_teres_f._teres_0      IALSLYTAALAAPTEK---------------------------------- 
Cochliobolus_carbonum               STLSLCAAVLAAPAQQ---------------------------------- 
2_Phaeosphaeria_nodorum_SN15        AALSACAAALAAPAPTE--------------------------------- 
2_Leptosphaeria_maculans            TILPACAAQILSYVINIGIRPRCSNVSFSHPNATLGACLSSSRGNLFANT 
Ustilago_maydis_521                 ERGQLLDDARIIFEPRQN-------------------------------- 
Sporisorium_reilianum               ERGELLNDARIVLESRQN-------------------------------- 
Agaricus_bisporus                   LLFAVVGLVLSPLSLCIT-------------------------------- 
Laccaria_bicolor_S238N-H82          VAFTALSLSPIPSICALN-------------------------------- 
Coprinopsis_cinerea_okayama7#1      AAVLSLVSLAPMASFAYT-------------------------------- 
Schizophyllum_commune_H4-8          LLRTVLALALLAQSLAIS-------------------------------- 
                                                                                       
 
1_Candida_albicans_SC5314           ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
2_Candida_albicans_SC5314           ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
3_Candida_albicans                  ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
7_Candida_Albicans                  ----------------NVAWDYDNNVIRGVNLGGWFVLQPYMTPSLFEPF 
4_Candida_Albicans                  ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
6_Candida_Albicans                  ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
10_Candida_Albicans                 ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
9_Candida_Albicans                  ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
11_Candida_Albicans                 ----------------NVAWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
5_Candida_Albicans                  ------------------AWDYDNNVIRGVNLGGWFVLEPYMTPSLFEPF 
Candida_dubliniensis_CD36           ----------------NVAWDYDKDVIRGVNLGGWFVLEPYMTPSLFEPF 
Candida_tropicalis_MYA-3404         ----------------NVAWDYENDIVRGVNLGGWFVLEPYMNPSLFEPF 
Lodderomyces_elongisporus_NRRL      ----------------RQAWDYQNDITRGLNLGGWFVLEPYITPSLFGTW 
_Candida_oleophila                  ----------------GLEWDYQNDKIRGVNLGGWFVLEPYITPSLFSVW 
Scheffersomyces_stipitis_CBS_6      ----------------GASWDYQNDVIRGVNLGGWFVLEPYITPSLFEQW 
Schwanniomyces_occidentalis         ----------------GLNWDYQNAKIHGVNLGGWFVLEPFITPSLFDIY 
1_Meyerozyma_guilliermondii_AT      ----------------GLNWDYDNDKIRGVNLGGWFVLEPYITPSLFDVF 
Debaryomyces_hansenii_CBS767        ----------------DSGFDYQNDKIRGVNLGGWFVLEPYMTPSLFQQN 
Clavispora_lusitaniae_ATCC_427      ----------------SSSWDYQNDKVRGVNLGGWFVLEPYITPSLFEPF 
Wickerhamomyces_anomalus            ----------------GDYWDYQNDKIRGVNLGGWFVLEPFITPSLFEAF 
_Wickerhamomyces_anomalus           ----------------GDYWDYQNDKIRGVNLGGWFVLEPFITPSLFEAF 
Williopsis_saturnus                 ----------------S--FNYQTDKLRGVNIGGWLVLEPYITPSLFEVF 
2_Pichia_angusta_DL-1               ----------------DSRWDYANDKIYGVNIGGWLVLEPFITPSLFEAV 
Pichia_pastoris_GS115               ----------------DIIWDYSSEKIMGVNLGGWLVLEPYITPSLFEAF 
Kluyveromyces_lactis_NRRL_Y-11      ----------------KRYFEYENYKVRGVNLGGWLVLEPFITPSLFETF 
gi|46395589|sp|Q875R9.1|EXG_SA      ----------------KRFYDYSTELIRGVNIGGWLLLEPYITPSLFEAF 
Ashbya_gossypii_ATCC_10895          ----------------KRYFDYENKTMRGVNLGGWLVLEPYITPSLFEPF 
1_Yarrowia_lipolytica               ----------------FLGFNYGSEKVHGVNLGGWFVLEPFITPSLFEAF 
1_S.sclero                          ----------------GLSFDYNGDKVRGVNLGGWFVLEPWITPSLFY-- 
1_Botryotinia_fuckeliana_B05.1      ----------------GLSFDYNGSKVRGVNLGGWFVLEPWITPSLFY-- 
bgh00086_mRNA                       ----------------QLAFDFNNQKVRGVNLGGWFVLEPWITPSIFQQW 
1_Pyrenophora_teres_f._teres_0      ----------------APMFDYNGQKVRGVNTGGWFVLEPWITPSMFE-- 
1_Pyrenophora_tritici-repentis      ----------------APMFDYNGQKVRGVNTGGWFVLEPWITPSMFE-- 
1_Leptosphaeria_maculans            ----------------APRFDFDGQKVRGVNTGGWFVLEPWITPSIFE-- 
1_Phaeosphaeria_nodorum_SN15        ----------------APSFPYGEQKVRGVNAGGWLVLEPWITPSVFE-- 
Tuber_melanosporum_Mel28            ----------------APTFDYGKAKVRGVNLGGWFVLEPWITPSFFEP- 
14_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
19_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
18_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
13_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
11_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
17_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
6_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
10_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
8_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
12_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVLEA- 
_Paracoccidioides_brasiliensis      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
3_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
7_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
21_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
20_Paracoccidioides_brasiliens      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
9_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
1_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFGA- 
2_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
4_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
5_Paracoccidioides_brasiliensi      ----------------HIVPRQAGSAIYGVNIGGWLLLEPWISPSVFEA- 
Paracoccidioides_brasiliensis_      ----------------HIVPRQAKSAIYGVNLGGWLLLEPWITPSVFEA- 
1_Ajellomyces_dermatitidis_ER-      ----------------HLASRENKEWIYGVNLGGWLVLEPWITPSVFEN- 
2_Ajellomyces_dermatitidis_SLH      ----------------HLASRENKEWIYGVNLGGWLVLEPWITPSVFEN- 
1_Ajellomyces_capsulatus_H88        ------------------RQSTHKSSIRGVNLGGWLVLEPWITPSVFEK- 
Trichophyton_verrucosum_HKI_05      ----------------KSPR-AADDFIRGVNLGGWLVLEPWITPGIFEE- 
Arthroderma_benhamiae_CBS_1123      ----------------KSPR-AADDFIRGVNLGGWLVLEPWITPGIFEE- 
Arthroderma_gypseum_CBS_118893      ----------------KSPRGATDDFIRGVNLGGWLVLEPWITPGIFEE- 
Arthroderma_otae_CBS_113480         ----------------KSPRATAQDFIRGVNIGGWLVLEPWITPSIFEE- 
Talaromyces_stipitatus_ATCC_10      ----------------DLAFNYNSDKVRGVNLGGWLVLEPWITPSLFEQ- 
Penicillium_marneffei_ATCC_182      ----------------DISFSYNSEKVRGVNLGGWLVLEPWITPSIFEQ- 
Penicillium_chrysogenum_Wiscon      -------------------FDYRGDKVRGVNLGGWLVTEPWITPSLFDA- 
Aspergillus_fumigatus_Af293         ----------------RASTFDYNGIVRGVNIGGWLVLEPWITPSIFDN- 
Neosartorya_fischeri_NRRL_181       ----------------RASTFDYNGIVRGVNIGGWLVLEPWITPSIFDN- 
_Aspergillus_clavatus               ----------------RDSVNYQSEIVRGVNLGGWLVLEPWITPSIFEN- 
Aspergillus_clavatus_NRRL_1         ----------------RDSVNYQSEIVRGVNLGGWLVLEPWITPSIFEN- 
Aspergillus_oryzae_RIB40            ----------------ASSFDYNGEKVRGVNLGGWLVLEPWITPSIFDA- 
Aspergillus_flavus_NRRL3357         ----------------ASSFDYNGEKVRGVNLGGWLVLEPWITPSIFDA- 
Aspergillus_niger_CBS_513.88        ----------------SSSFDYKSQIVRGVNLGGWLVTEPWITPSLYDS- 
Aspergillus_terreus_NIH2624         ----------------ASTFDYETEMVRGVCLGGWLVLEPWLSPGLFDA- 
_Aspergillus_nidulans               ----------------CTSAATLAEKVRGVNLGGWLVLEPWITPSLFDE- 
Aspergillus_nidulans_FGSC_A4        ----------------QPRANPSAEKVRGVNLGGWLVLEPWITPSLFDE- 
2_Botryotinia_fuckeliana_B05.1      ----------------GVDFAYGSTPVRGVNIGGWLVLEPWITPSIFQGV 
2_Sclerotinia_sclerotiorum_198      ----------------KVDFAYGSTPVRGVNIGGWLVLEPWITPSIFQSL 
2_Pyrenophora_tritici-repentis      ---------------RGVAFNWGTDKVRGVNIGGWLVLEPWITPSIFDNA 
2_Pyrenophora_teres_f._teres_0      ---------------RGVAFNWGTEKVRGVNIGGWLVLEPWITPSIFDKA 
Cochliobolus_carbonum               --------------KRAVGFNWGSEKIRGVNIGGWLVLEPWITPSIFDNA 
2_Phaeosphaeria_nodorum_SN15        --------------KRGVNFGWGQEKIQGLNIGGWLVLEPWITPSIFEAA 
2_Leptosphaeria_maculans            LYAIGDESLTFGSEKRDVDFKWGTDMIRGVNIGGWLVLEPWITPSIFDNA 
Ustilago_maydis_521                 -----------------PGFAYGSQKVRGVNIGGWLVAEPWITPSLFDNT 
Sporisorium_reilianum               -----------------PGFAYGSQKVRGVNIGGWLVAEPWITPSLFDNT 
Agaricus_bisporus                   -----------------PSFPYGQRKVRGVNLGGWLVLEPWITPSIFDNT 
Laccaria_bicolor_S238N-H82          -----------------FGFPYGSENVRGVNLGGWLVLEPWITPSLFDNT 
Coprinopsis_cinerea_okayama7#1      -----------------WGFPYESQKIRGVNLGGWLVTEPWITPSLFDNT 
Schizophyllum_commune_H4-8          -----------------PGFNYGGTKVRGVNLGGWLVLEPWITPSLFDAT 
                                                                *:  ***:: :*::.*..     
 
1_Candida_albicans_SC5314           QNGND-QSGVPVDEYHWTQTLGKEAASRILQKHWSTWITEQDFKQISN-L 
2_Candida_albicans_SC5314           QNGND-QSGVPVDEYHWTQTLGKEAASRILQKHWSTWITEQDFKQISN-L 
3_Candida_albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
7_Candida_Albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
4_Candida_Albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
6_Candida_Albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
10_Candida_Albicans                 QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
9_Candida_Albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
11_Candida_Albicans                 QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
5_Candida_Albicans                  QNGND-QSGVPVDEYHWTQTLGKEAALRILQKHWSTWITEQDFKQISN-L 
Candida_dubliniensis_CD36           QNGND-QSGVPVDEYHWTQTLGKDAAQSILQQHWSTWITEQDFKQISD-L 
Candida_tropicalis_MYA-3404         KNGND-ESGVPVDEYHWTQTLGKETASKILEDHWAKWITEWDFQQMSN-L 
Lodderomyces_elongisporus_NRRL      LFPEN----TPVDEYHFTKQLGKDAALQVLNQHWSTWITEDDFQQISY-L 
_Candida_oleophila                  SNGED-DLNTPVDEYHYTQKLGKETALSRLEAHWSSWYTEADFAQMKY-L 
Scheffersomyces_stipitis_CBS_6      ENWGD-DSQVPVDEYHYTQKLGKLVAGQRLDTHWKTWYTEQDFSDIAA-A 
Schwanniomyces_occidentalis         SKPND-DSQVPVDEYHFTQKLGKDAAQQVLEQHWKTWYKENDFKMMLK-Y 
1_Meyerozyma_guilliermondii_AT      G------SNIPVDEYHYCQQLGKQVCQERLETHWKTWYTEDDFKSIKD-A 
Debaryomyces_hansenii_CBS767        AD----DGNIPVDEYHYCEKLGKDVCKQRLETHWDNWITEDDIAKISK-L 
Clavispora_lusitaniae_ATCC_427      G------SNIPVDEYHYCQTLGKDEASDRLQKHWSTWYTEDDFEAISA-A 
Wickerhamomyces_anomalus            ENQG---QDVPVDEYHYTKALGKDLAIERLDQHWSSWIVEADFQSIAG-A 
_Wickerhamomyces_anomalus           ENQG---QDVPVDEYHYTKALGKDLAKERLDQHWSSWIVEADFQSIAG-A 
Williopsis_saturnus                 G------DNIPVDEYHYHQYLGAELAQSRLQQHWGSWITEQDFESIKG-T 
2_Pichia_angusta_DL-1               S------SDVPVDEYHYTEALGKEEAEKRLQEHWSTWIREEDFKGMAN-V 
Pichia_pastoris_GS115               G------DDVPVDEYRYTERLGKSLALDRLQQHWSTFYDEKDFQDIAA-Y 
Kluyveromyces_lactis_NRRL_Y-11      RTNEYNDDGIPYDEYHYCQYLGEDLARDRLKQHWSTWITEADFEDISN-T 
gi|46395589|sp|Q875R9.1|EXG_SA      RTDENSDAGIPVDEYHYCEALGSEVAESRLEAHWSTFYTEQDFKNIAS-A 
Ashbya_gossypii_ATCC_10895          RKNPDNDDGIPVDEYNLCKTLGREKAHERLSKHWSTFYTEKDFHAMKA-A 
1_Yarrowia_lipolytica               GNNDA---NVPVDEYHYTAWLGKEEAEKRLTDHWNTWITEYDIKAIAENY 
1_S.sclero                          --------GSWVDEYTLTQTLGKSASQGLLNAHWATWITQNDFNEIAS-V 
1_Botryotinia_fuckeliana_B05.1      --------GSWVDEYTLTQTLGKSASQNLLNAHWATWITQNDFNEIAS-V 
bgh00086_mRNA                       A-----NGGDVIDEYSYTAALGKDEAFTRLNNHWATWITEEDFAEIAS-M 
1_Pyrenophora_teres_f._teres_0      -------GNSAKDEFSLAGAIGKDAAQKKLQDHWNSWITQDDFNQMAA-A 
1_Pyrenophora_tritici-repentis      -------GNSAKDEFSLAGAIGKDAAQKKLQDHWNSWITQDDFNQMAA-A 
1_Leptosphaeria_maculans            -------GNNAVDEYTFCQQLGADAARSRLQAHWNSWITQDDFNQMAA-A 
1_Phaeosphaeria_nodorum_SN15        -------GNAAKDEWTLTELLGKDAAKARLEQHWNSFFTKDDFFQMAG-A 
Tuber_melanosporum_Mel28            ---------------FGGSVYKPLAARFNNNNKKSTFYSQEDFQQIAA-A 
14_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
19_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
18_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
13_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
11_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
17_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
6_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
10_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
8_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
12_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKGHLSKHWDTFITEDDFKNIAA-A 
_Paracoccidioides_brasiliensis      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
3_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
7_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
21_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDLKNIAA-A 
20_Paracoccidioides_brasiliens      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
9_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKSLG-RDAKRHLSKHWDTFITEDDFKNIAA-A 
1_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWNTFITEDDFKNIAA-A 
2_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWNTFITEDDFKNIAA-A 
4_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHPSKHWNTFITEDDFKNIAA-A 
5_Paracoccidioides_brasiliensi      ------GGSSSVDEYTLSKNLG-RDAKRHLSKHWNTFITEDDFKNIAA-A 
Paracoccidioides_brasiliensis_      ------GGSSAVDEYTLSKNLG-SNAKTRLSKHWSTFITADDFKQIAA-A 
1_Ajellomyces_dermatitidis_ER-      ------AGDRAVDEYTLSQVLA-GNAKSRLSKHWNSWITAEDFKQIAA-A 
2_Ajellomyces_dermatitidis_SLH      ------AGDRAVDEYTLSQVLA-GNAKSRLSKHWNSWITAEDFKQIAA-A 
1_Ajellomyces_capsulatus_H88        ------AGDRAVDEYTLSQILA-GNARSRLSEHWNSWITADDFKQIAA-A 
Trichophyton_verrucosum_HKI_05      ------GGDSAVDEWTLSEALG-QRAHERLKLHWNTFMEQKDFDRIKG-A 
Arthroderma_benhamiae_CBS_1123      ------GGDSAVDEWTLSAALG-HRAHERLKLHWNTFMEQKDFDRIKG-A 
Arthroderma_gypseum_CBS_118893      ------GGDSAVDEWTLSAALG-DRAHERLKLHWNTYIDQGDFDRIKA-A 
Arthroderma_otae_CBS_113480         ------GGDSAVDEWTLSQALG-ERAHDRLKLHWNTYIDQNDFNRIRD-V 
Talaromyces_stipitatus_ATCC_10      ------AGEGAVDEWCLSGALG-ADAQGILSQHWNSFITVDDFHQISA-A 
Penicillium_marneffei_ATCC_182      ------AGDVAVDEWCLSNALG-DRAQGILSQHWNSFITADDFYQISS-A 
Penicillium_chrysogenum_Wiscon      ------AGDAAVDEWSLCATLGPDQCRSVLSEHWSTFITADDLTQIAG-A 
Aspergillus_fumigatus_Af293         ------AGDAAVDEWTLTATLGQDQAKAVLSQHWSTFITQDDFQQIAQ-A 
Neosartorya_fischeri_NRRL_181       ------AGDAAVDEWTLTATLGQDQAKAVLSQHWSTFITQGDFHRIAQ-A 
_Aspergillus_clavatus               ------GGGAAVDEWTLAEVLGKDKARAILSQHWSSFITQDDFNQIAQ-A 
Aspergillus_clavatus_NRRL_1         ------GGGAAVDEWTLAEVLGKDKARAILSQHWSSFITQDDFNQIAQ-A 
Aspergillus_oryzae_RIB40            ------AGAEAVDEWSLTKILGKEEAEARLSAHWKSFVSAGDFQRMAD-A 
Aspergillus_flavus_NRRL3357         ------AGAEAVDEWSLTKILGKEEAEARLSAHWKSFVSAGDFQRMAD-A 
Aspergillus_niger_CBS_513.88        ------TGGGAVDEWTLCQILGKDEAQAKLSSHWSSFITQSDFDRMAQ-A 
Aspergillus_terreus_NIH2624         ------APDGAVDEWTYTEILGQDEAKARLIGHWDTFITEQDFFDIAA-A 
_Aspergillus_nidulans               ------AGDEAVDEYTLTEVLGVEEAAARLSEHWNTFITEEDFALIAE-A 
Aspergillus_nidulans_FGSC_A4        ------AGDEAVDEYTLTEVLGVEEAAARLSEHWNTFITEEDFALIAE-A 
2_Botryotinia_fuckeliana_B05.1      DQSL--G---IVDEYTLTQKLGEEAALAILKPHWDSWCTADDFQNIAN-A 
2_Sclerotinia_sclerotiorum_198      DQSL--G---IVDEYTMTEKLGTEAASAILQPHWGSWCTAVDFQKIAD-S 
2_Pyrenophora_tritici-repentis      NANR--GQKDIVDEYTLGQKLGSAAAGSILRSHWDSWVTWNDFNKIKQ-A 
2_Pyrenophora_teres_f._teres_0      NANR--AQKDIVDEYTLGQKLGSAAAGSILRSHWDSWVTWNDFNKIKQ-A 
Cochliobolus_carbonum               NRGR--PQNDFVDEYTLGEKLGSQNALNILRNHWDTFVTWQDFNKIKQ-S 
2_Phaeosphaeria_nodorum_SN15        NANR--PAKDIVDEYTLGQKLGRDAALQVLRRHWDTWVRWEDFNKIKQ-S 
2_Leptosphaeria_maculans            NRNR--PQKDIVDEYTLAEKLGPDAALAVLRKHWDTFVTWQDFNKIKQ-A 
Ustilago_maydis_521                 G------DSRVIDEWTFGQYASN--AYNRLQNHWATFYTESDFAQIAA-A 
Sporisorium_reilianum               G------DSRVIDEWTFGQYASN--AYDRLQRHWATFYTEADFAQIAG-A 
Agaricus_bisporus                   G------DSRVIDEWTFGQFVDRSTATNVLRNHWNTWITEEDFARIAA-A 
Laccaria_bicolor_S238N-H82          G------DSRIIDEWTFGQYQDPTKALNTLRNHWDTWITEADFAAISA-A 
Coprinopsis_cinerea_okayama7#1      G------DPRIIDEWTFGLYQDKDKAYTALKQHWETWITEKDFEDIAA-A 
Schizophyllum_commune_H4-8          G------NDAIVDEYTFCAYQSRDVAASALYNHWNTFITEDDFAQIAA-A 
                                                             .      :  .:    *:  :     
 
1_Candida_albicans_SC5314           GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
2_Candida_albicans_SC5314           GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
3_Candida_albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
7_Candida_Albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
4_Candida_Albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
6_Candida_Albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
10_Candida_Albicans                 GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
9_Candida_Albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
11_Candida_Albicans                 GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
5_Candida_Albicans                  GLNFVRIPIGYWAFQLLDNDPYVQG-QVQYLEKALGWARKNNIRVWIDLH 
Candida_dubliniensis_CD36           GLNFVRIPIGYWAFQLLDNDPYVQG-QVEYLEKALGWARNHNIKVWIDLH 
Candida_tropicalis_MYA-3404         GLNLVRIPIGYWAFQLLDNDPYVQG-QVAFLDEALEWARNHNIKVWIDLH 
Lodderomyces_elongisporus_NRRL      GINMVRIPIGYWAFQLLDNDPYVQG-QVEYLDKALEWARTHGLKVWVDLH 
_Candida_oleophila                  GINAVRIPIGYWAFQLLDNDPYVQG-QVKYLDQALEWCRNNGLYAWVDLH 
Scheffersomyces_stipitis_CBS_6      GLNFVRIPIGYWAFQLLDNDPYVQG-QVEYLDQALGWANKYGLKVWIDLH 
Schwanniomyces_occidentalis         GLNAVRIPIGYWAFKLLDYDPYVQG-QVKYLDRALDWARKYNLKVWIDLH 
1_Meyerozyma_guilliermondii_AT      GLNAVRIPIGYWAYELLDNDPYVQG-QDKYLEQALEWCRNNDLKAWIDLH 
Debaryomyces_hansenii_CBS767        GLNMVRIPIGYWAYQTLDSDPYVQG-QDKYLKKALKWCRNHNVKVWIDLH 
Clavispora_lusitaniae_ATCC_427      GLNTVRIPIGHWAFVTVDGEPYVQG-QQKYLDLALQWARNHNLKVWIDLH 
Wickerhamomyces_anomalus            GLNFVRIPIGYWAFQLLDNDPYVQG-QESYLDQALEWAKKYDIKVWIDLH 
_Wickerhamomyces_anomalus           GLNFVRIPIGYWAFQLLDNDPYVQG-QESYLDQALEWAKKYDIKVWIDLH 
Williopsis_saturnus                 GLNFVRIPIGYWAFQKLDSDPYVQG-QVEYLDKAIQWARNSGLYVWIDLH 
2_Pichia_angusta_DL-1               GLNFVRIPIGYWAFQLAEGDPYVQG-QQEYLDKALEWCAKYGLKAWVDLH 
Pichia_pastoris_GS115               GLNFVRIPIGYWAFQLLDDDPYVQG-QEEYLDKALEWSRKHGLKVWIDLH 
Kluyveromyces_lactis_NRRL_Y-11      GLNTVRIPIGYWAFELLDDDPYVSGLQEAYLDQAIEWARSYGLKVWVDLH 
gi|46395589|sp|Q875R9.1|EXG_SA      GLNMVRIPIGYWAFKTLDSDPYVTGKQESYLDKAIQWSKDAGLKVWVDLH 
Ashbya_gossypii_ATCC_10895          GLNIVRVPIGYWAFELLEDDPYAQG-QEEYLDKAIEWSRAAGLKVWVDLH 
1_Yarrowia_lipolytica               KLNLVRIPIGYWAFSLLPNDPYVQG-QEAYLDRALGWCRKYGVKAWVDVH 
1_S.sclero                          GLNHVRIPIGYWALNPLPGDPYVQG-QLIYLDQAIGWARQAGLKIILDVH 
1_Botryotinia_fuckeliana_B05.1      GLNHVRIPIGYWALNPLPGDPYVQG-QLTYLDKAIGWARQAGLKVILDVH 
bgh00086_mRNA                       GLNHVRIPIGYWALVAIPNDPYVQG-QLSYVDRAIDWARKNGLKVMLDLH 
1_Pyrenophora_teres_f._teres_0      GLNHVRIPIGYWSVIPRDGDPYLQG-AYEKLGEALDWAQGAGLKVMIDLH 
1_Pyrenophora_tritici-repentis      GLNHVRIPIGYWSVIPREGDPYLQG-AYQKLGEALDWAQAAGLKVMIDLH 
1_Leptosphaeria_maculans            GLNFVRIPIGYWSVIPREGDPYVTG-AYDKLADALDWASAAGLKVMIDLH 
1_Phaeosphaeria_nodorum_SN15        GLNHVRIPVGYWSVLPREGDPYVQG-AYDKLGEALGWAQEAGLKVMIDLH 
Tuber_melanosporum_Mel28            GLNHVRIPIGYWAIRPLPGDPYVQG-QLKHLNNAINWAGNVGLKVWIDLH 
14_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
19_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
18_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
13_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
11_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
17_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
6_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
10_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPVEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
8_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVAIDLH 
12_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
_Paracoccidioides_brasiliensis      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
3_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
7_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
21_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
20_Paracoccidioides_brasiliens      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
9_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
1_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
2_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
4_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
5_Paracoccidioides_brasiliensi      GLNHVRIPIGYWAVNPIEGEPYVQG-QLDYLDKALVWAKNSNLRVVIDLH 
Paracoccidioides_brasiliensis_      GLTHVRIPIGYWAVSPIKGEPYVQG-QVEYLDKALVWAKNSNLKVVIDLH 
1_Ajellomyces_dermatitidis_ER-      GLTHVRIPIGYWAVAPLKGEPYVQG-QVGYMDKALRWARESNLKVAIDLH 
2_Ajellomyces_dermatitidis_SLH      GLTHVRIPIGYWAVAPLKGEPYVQG-QVGYMDKALRWARESNLKVAIDLH 
1_Ajellomyces_capsulatus_H88        GLTHVRIPIGYWAVAPLKGEPYVQG-QVSYLDKAIKWARQSNLKVAIDLH 
Trichophyton_verrucosum_HKI_05      GLTHVRIPIGYWAVAPIEGEPFVQG-QVDMLDAAIDWARHSGLKVNVDLH 
Arthroderma_benhamiae_CBS_1123      GLTHVRIPIGYWAVAPIQGEPFVQG-QVDMLDAAIDWARHSGLKVNVDLH 
Arthroderma_gypseum_CBS_118893      GLTHVRIPIGYWAVAPIEGEPFVQG-QVDMLDAAVDWARHSGLKINVDLH 
Arthroderma_otae_CBS_113480         GLTHVRIPIGYWAVAPIQGEPFVQG-QVDMLDAAIDWARHSGLKVMIDLH 
Talaromyces_stipitatus_ATCC_10      GMNHVRIPIGYWAVVPQPGEPYVQG-QLSVLDQAINWARDAGLKVIVDLH 
Penicillium_marneffei_ATCC_182      GMNHVRIPIGYWAVMPQAGEPYVQG-QLEVLDQAIVWARDAGLKVIVDLH 
Penicillium_chrysogenum_Wiscon      GMNHVRIPVGYWALKHLEGDPYVDG-QLEYLDQAIGWARAAGLKVMLDLH 
Aspergillus_fumigatus_Af293         GMNHVRIPIGYWAVSSLPDEPYVDG-QLEYLDNAISWAREAGLKVVIDLH 
Neosartorya_fischeri_NRRL_181       GMNHVRIPIGYWAVSSLPDEPYVDG-QLEYLDNAISWARDAGLKVVIDLH 
_Aspergillus_clavatus               GMNHVRIPVGYWAVS-APDEPYVDG-QLEFLDNAISWARAAGLKVMIDLH 
Aspergillus_clavatus_NRRL_1         GMNHVRIPVGYWAVS-APDEPYVDG-QLEFLDNAISWARAAGLKVMIDLH 
Aspergillus_oryzae_RIB40            GLNHVRIPIGYWALGPLEGDPYVDG-QLEYLDKAVEWAGAAGLKVLIDLH 
Aspergillus_flavus_NRRL3357         GLNHVRIPIGYWALGPLEGDPYVDG-QLEYLDKAVEWAGAAGLKVLIDLH 
Aspergillus_niger_CBS_513.88        GLNHVRIPIGYWAVAPIDGEPYVSG-QIDYLDQAVTWARAAGLKVLVDLH 
Aspergillus_terreus_NIH2624         GMNHVRIPIGYWAVEALPGDPYVDG-QLEYLDRAIEWAGAAGLKVIVDLH 
_Aspergillus_nidulans               GLNYVRIPIGYWAAAPLDGEPYVSG-QLEHLDNAVAWARAHNLKVIVDLH 
Aspergillus_nidulans_FGSC_A4        GLNYVRIPIGYWAAAPLDGEPYVSG-QLEHLDNAVAWARAHNLKVIVDLH 
2_Botryotinia_fuckeliana_B05.1      GFNTVRIPIGYWAYGLSDNEPYTQG-AAAYMDAAIDWARGAGLKVWIDLH 
2_Sclerotinia_sclerotiorum_198      GFNTVRIPIGYWAYALYG-EPYTQG-AASYMDAAIDWARSAGLKVWIDLH 
2_Pyrenophora_tritici-repentis      GFNIVRIPIGSWAYDTFG-APYVSG-AGVYIDAAVDWSRSLGLKIIIDLH 
2_Pyrenophora_teres_f._teres_0      GFNVVRIPIGSWAYDTFG-APYVSG-ANVYIDAAIDWSRSLGLKIIIDLH 
Cochliobolus_carbonum               GFNVVRIPVGYWAYDTFG-SPYVSG-AAVYIDAAIDWARSLGLKIIIDLH 
2_Phaeosphaeria_nodorum_SN15        GFNVVRIPIGFWAYDTFG-SPYVSG-AAPYIDAAIDWARGLGLKIIIDLH 
2_Leptosphaeria_maculans            GFNIVRIPIGYWAYDTLD-SPYITG-AAVYIDAAVDWARLLGLKIVIDLH 
Ustilago_maydis_521                 GLNHVRIPIGYWAFDTSAGEPYVRSNQADYLERAIQWSRNHGLKVIIDLH 
Sporisorium_reilianum               GLNHVRIPIGYWAFDTSAGEPYVRSNQGDWLERAIQWSRKYGLKVIIDLH 
Agaricus_bisporus                   GLNHVRLPIGYWAFEVAAGEPYIQG-QLPFLEKAVTWAQNHNLKLIIDLH 
Laccaria_bicolor_S238N-H82          GLNHVRLPIGYWAFEVAPGEPYIQG-QLQYLYKAINWAQSHRLKVIVDLH 
Coprinopsis_cinerea_okayama7#1      GLNHVRLPIGYWAFEVAPDEPYIQG-QLEYLDRAITWAQKYNLKVIIDLH 
Schizophyllum_commune_H4-8          GLNHVRLPIGYWAFDVR-DEPYIQG-QVEHLNNAVTWASNHGLKVIVDLH 
                                     :. **:*:* *:       *:  .     :  *: *.    :   :*:* 
 
1_Candida_albicans_SC5314           G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
2_Candida_albicans_SC5314           G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
3_Candida_albicans                  G-------------------APGSQNGFDNSGLR-DSYNSQNGD-NTQVT 
7_Candida_Albicans                  G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
4_Candida_Albicans                  G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
6_Candida_Albicans                  G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
10_Candida_Albicans                 G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
9_Candida_Albicans                  G-------------------APGSQNGYDNSGLR-DSYNFQNGD-NTQVT 
11_Candida_Albicans                 G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
5_Candida_Albicans                  G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTQVT 
Candida_dubliniensis_CD36           G-------------------APGSQNGFDNSGLR-DSYNFQNGD-NTKVT 
Candida_tropicalis_MYA-3404         G-------------------APGSQNGFDNSGLR-DSLEFQNGD-NTQVT 
Lodderomyces_elongisporus_NRRL      G-------------------APGSQNGFDNSGLR-DHYEWQNGN-NVQVT 
_Candida_oleophila                  G-------------------APGSQNGFDNSGLR-DSYKFQDDD-DVKVT 
Scheffersomyces_stipitis_CBS_6      G-------------------APGSQNGFDNSGLR-DTVQYQQPN-NVQVT 
Schwanniomyces_occidentalis         G-------------------APGSQNGFDNSGLR-DSLGFQQGN-NVNFT 
1_Meyerozyma_guilliermondii_AT      G-------------------APGSQNGFDNSGLR-GQVQFQWGN-NVQVT 
Debaryomyces_hansenii_CBS767        G-------------------APGSQNGFDNSGLR-DEYGFQSGD-NTQIT 
Clavispora_lusitaniae_ATCC_427      T-------------------APGSQNGFDNSGLR-DQIQYQQDA-NIAAT 
Wickerhamomyces_anomalus            G-------------------APGSQNGFDNSGLR-DSYEFQNGD-NTQVA 
_Wickerhamomyces_anomalus           G-------------------APGSQNGFDNSGLR-DSYEFQNGD-NTQVA 
Williopsis_saturnus                 G-------------------APGSQNGFDNSGLR-DSYEFQNGN-NTQIT 
2_Pichia_angusta_DL-1               G-------------------APGSQNGFDNSGKR-GEIGWQNTTGYVDLT 
Pichia_pastoris_GS115               G-------------------APGSQNGFDNSGKR-DSWDFQNGN-NVQVT 
Kluyveromyces_lactis_NRRL_Y-11      G-------------------APGSQNGFDNSGLR-DQVEFQQDG-NWDVF 
gi|46395589|sp|Q875R9.1|EXG_SA      G-------------------APGSQNGFDNSGLR-DHWSFLEDE-NLNLT 
Ashbya_gossypii_ATCC_10895          G-------------------APGSQNGFDNSGRR-DQIEFLKPH-NLELL 
1_Yarrowia_lipolytica               G-------------------VPGSQNGFDNSGLR-DHWDWPNAD-NVQHS 
1_S.sclero                          G-------------------APGSQNGFDNSGRK-GPITWTQG-DTTKQT 
1_Botryotinia_fuckeliana_B05.1      G-------------------APGSQNGFDNSGRK-GPVTWTQG-DTTKQT 
bgh00086_mRNA                       G-------------------APGSQNGFDNSGRT-GTIAWQSG-DNVPNT 
1_Pyrenophora_teres_f._teres_0      G-------------------APNSQNGFDNSGRL-GSVGWGQG-DTVAYT 
1_Pyrenophora_tritici-repentis      G-------------------APNSQNGFDNSGRL-GSVGWGQG-DTVAYT 
1_Leptosphaeria_maculans            T-------------------APESQNGFDNSGKY-GNVGWTQG-DSVQHT 
1_Phaeosphaeria_nodorum_SN15        G-------------------APLSQNGFDNSGQY-GSVRWTQG-DSVQHT 
Tuber_melanosporum_Mel28            G-------------------APGSQNGFDNSGKR-DSIEWQQG-DNVAHT 
14_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIRQT 
19_Paracoccidioides_brasiliens      G-------------------VPGSQNGFNNSGHR-GAINWQKG-DTIRQT 
18_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIRQT 
13_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIRQT 
11_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIRQT 
17_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIRQT 
6_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAVNWQKG-DTIRQT 
10_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAVNWQKG-DTIRQT 
8_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAVNWQKG-DTIRQT 
12_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAVNWQKG-DTIRQT 
_Paracoccidioides_brasiliensis      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
3_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
7_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
21_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDSSGHR-GAINWQKG-DTIKQT 
20_Paracoccidioides_brasiliens      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
9_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
1_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGRR-GAINWQKG-DTIKQT 
2_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGRR-GAINWQKG-DTIKQT 
4_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
5_Paracoccidioides_brasiliensi      G-------------------VPGSQNGFDNSGHR-GAINWQKG-DTIKQT 
Paracoccidioides_brasiliensis_      G-------------------APGSQNGFDNSGRR-GPINWQKG-DTVKQT 
1_Ajellomyces_dermatitidis_ER-      G-------------------APGSQNGFDNSGRR-GPINWPKG-ETVAQT 
2_Ajellomyces_dermatitidis_SLH      G-------------------APGSQNGFDNSGRR-GPINWPKG-ETVAQT 
1_Ajellomyces_capsulatus_H88        G-------------------APGSQNGFDNSGRR-GSINWPKG-NTVAQT 
Trichophyton_verrucosum_HKI_05      G-------------------APGSQNGFDNSGRL-GPANWQKG-DTVAQT 
Arthroderma_benhamiae_CBS_1123      G-------------------APGSQNGFDNSGRL-GPANWQKG-DTVAQT 
Arthroderma_gypseum_CBS_118893      G-------------------APGSQNGFDNSGKL-GPANWQKG-NTVELT 
Arthroderma_otae_CBS_113480         G-------------------APGSQNGFDNSGRL-GPANWQKG-DTVDAT 
Talaromyces_stipitatus_ATCC_10      G-------------------APGSQNGFDNSGRR-GSINWDKVPEQINVT 
Penicillium_marneffei_ATCC_182      G-------------------VPGSQNGFDNSGHR-GSINWDKVPEHISIA 
Penicillium_chrysogenum_Wiscon      G-------------------APGSQNGFDNSGKR-GAIQWQQG-NTVEDT 
Aspergillus_fumigatus_Af293         G-------------------APGSQNGFDNSGRK-GPIAWQQG-DTVSQT 
Neosartorya_fischeri_NRRL_181       G-------------------APGSQNGFDNSGRK-GPIAWQQG-NTVSQT 
_Aspergillus_clavatus               G-------------------APGSQNGFDNSGRK-GPIAWQQG-DTVART 
Aspergillus_clavatus_NRRL_1         GGKSPEQNVITEWDADQVETAPGSQNGFDNSGRK-GPIAWQQG-DTVART 
Aspergillus_oryzae_RIB40            G-------------------APGSQNGFDNSGRR-GAIQWQQG-DTVEQT 
Aspergillus_flavus_NRRL3357         G-------------------APGSQNGFDNSGRR-GAIQWQQG-DTVEQT 
Aspergillus_niger_CBS_513.88        G-------------------APGSQNGFDNSGHR-GPIQWQQG-DTVNQT 
Aspergillus_terreus_NIH2624         G-------------------APGSQNGFDNSGRK-GAIQWGQG-DTLGQT 
_Aspergillus_nidulans               G-------------------APGSQNGFDNSGRR-GPIGWQQG-DTVEQT 
Aspergillus_nidulans_FGSC_A4        G-------------------APGSQNGFDNSGRR-GPIGWQQG-DTVEQT 
2_Botryotinia_fuckeliana_B05.1      G-------------------APLSQNGFDNSGHK-TSSPAFGQGDSVKNT 
2_Sclerotinia_sclerotiorum_198      G-------------------APLSQNGFDNSGHR-TTSPAWTQGDSVAQT 
2_Pyrenophora_tritici-repentis      G-------------------APGSQNGFDNSGQK-MPTPQWQKGDTIKQT 
2_Pyrenophora_teres_f._teres_0      G-------------------APGSQNGFDNSGQK-MPTPQWQKGDTVKQT 
Cochliobolus_carbonum               G-------------------APGSQNGFDNSGQR-MDRPTWQQGDTVRRT 
2_Phaeosphaeria_nodorum_SN15        G-------------------APGSQNGYDNSGQR-TDNPQWTTGNNVDKT 
2_Leptosphaeria_maculans            G-------------------APGSQNGYDNSGQR-LDVPTWQTGDTVKQT 
Ustilago_maydis_521                 G-------------------APGSQNGFDNSGRK-GSVNWPNDANNANRA 
Sporisorium_reilianum               G-------------------APGSQNGFDNSGRK-GSASWPNDQRNADRA 
Agaricus_bisporus                   G-------------------APGSQNGFDNSGQKKSFPEWHTRADYVDRT 
Laccaria_bicolor_S238N-H82          G-------------------VPGSQNGFDNSGQKMNYPLWHTSQSNINRS 
Coprinopsis_cinerea_okayama7#1      G-------------------APGSQNGFDNSGQKMDYPTWHTKQSNVDRT 
Schizophyllum_commune_H4-8          G-------------------VPGSQNGFDNSGQRMDYPTWHTQQSNIDRS 
                                                        .* ****::.**                   
 
1_Candida_albicans_SC5314           LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
2_Candida_albicans_SC5314           LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
3_Candida_albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
7_Candida_Albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
4_Candida_Albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
6_Candida_Albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
10_Candida_Albicans                 LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
9_Candida_Albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
11_Candida_Albicans                 LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
5_Candida_Albicans                  LNVLNTIFKKYGGNEYSDVVIGIELLNEPLGPV----LNMDKLKQFFLDG 
Candida_dubliniensis_CD36           LNVLNTIFKKYGGNNYSDVVIGIELLNEPLGPV----LNMDNLKQFFLDG 
Candida_tropicalis_MYA-3404         LNVLAEIFQKYGTSDYDDVVVGIELVNEPLGPS----LDMDALKKFYMDG 
Lodderomyces_elongisporus_NRRL      LDVLNTIFQKYGGDEYADVVSGIELINEPLGPA----LDMDAIKQFYQDG 
_Candida_oleophila                  LEVLKTIGAKYGGSDYEDVVIGIELLNEPLGPV----LDMDGLRQFYQDG 
Scheffersomyces_stipitis_CBS_6      LNVLEQIFEKYGNGEYSNYVIGIELLNEPLGPV----SDMNNLKNFLTQG 
Schwanniomyces_occidentalis         LEVLEIIGKKYGGPEYEDVVIGIELLNEPLGPS----LDLNYLKEFFQQG 
1_Meyerozyma_guilliermondii_AT      LDALNKIFKKYGGSDYEDVVIGIEALNEPLGPS----LDMNKLKDFINQA 
Debaryomyces_hansenii_CBS767        LDVLAQISEKYGGSDYEDVVIGIELLNEPLGTV----LDMDKLKTFFYGG 
Clavispora_lusitaniae_ATCC_427      LTALQNIFNKYGGDEYKDVVSGIELLNEPLGTV----SDMNQLENFYQWA 
Wickerhamomyces_anomalus            LDVLQYISNKYGGSDYGDVVIGIELLNEPLGSV----LDMGKLNDFWQQG 
_Wickerhamomyces_anomalus           LDVLQYISNKYGGSDYGDVVIGIELLNEPLGSV----LDMGKLNDFWQQG 
Williopsis_saturnus                 LDVLQQIFDKYGSSDYDDVIIGLELLNEPLGPV----LDMAKLNEFWETA 
2_Pichia_angusta_DL-1               LQVLDQIASKYGGSNYSDVIIGIELLNEPLGSN----LDFDQLVDFYNKG 
Pichia_pastoris_GS115               LDVLKYISKKYGTTDYYDVVIGIQLLNEPLGPI----LDMDNLRQFYADG 
Kluyveromyces_lactis_NRRL_Y-11      KNVLAYVIEKYSRDEFTDTVVGVEVLNEPLGPV----IDMDKLKELYNWA 
gi|46395589|sp|Q875R9.1|EXG_SA      KEVIKYLLEKYSREEYLDTVIGIELINEPLGPV----LDMDKLKEYYQFG 
Ashbya_gossypii_ATCC_10895          HKVLEHTLGKYSQDEFADVVIGVEVLNEPLGPA----VDIQGVRDLYYYA 
1_Yarrowia_lipolytica               INVINYIAGKYGAPEYNDIVVGIELVNEPLGPA----IGMEVIEKYFQEG 
1_S.sclero                          LAAIQTLAYRYAPATD--VVTGIELLNEPANWA----LDMGAVKQFYYDG 
1_Botryotinia_fuckeliana_B05.1      LAAIQTLAYRYAPATD--VVTGIELLNEPANWA----LDMGAVKQFYYDG 
bgh00086_mRNA                       LRAIQALAERYAPQTD--VVTAIELLNEPANWG----NDLSQIKKFYYDG 
1_Pyrenophora_teres_f._teres_0      IKVLNKIRDDHASHP---AVSAIELLNEPLGPN----LDMNTVRQFYMDG 
1_Pyrenophora_tritici-repentis      IKVLNKIRDDHASHP---AVSAIELLNEPLGPN----LDMNTVRQFYMDG 
1_Leptosphaeria_maculans            IRVLNKIRDDHANHP---AVASIELLNEPLGPN----LDMNVVRQFYMDG 
1_Phaeosphaeria_nodorum_SN15        LNVLNKIRDDHASHP---AVSAIQLLNEPLGPS----LDMNVVRQFYMDG 
Tuber_melanosporum_Mel28            VETIRELAQIYARSQYGNAVTAIELLNEPLGPN----LDRGKIEQYWKDG 
14_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
19_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
18_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
13_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
11_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
17_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
6_Paracoccidioides_brasiliensi      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
10_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
8_Paracoccidioides_brasiliensi      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
12_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
_Paracoccidioides_brasiliensis      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
3_Paracoccidioides_brasiliensi      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
7_Paracoccidioides_brasiliensi      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
21_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VADSIELVNKPSIPG---GVQVSLLKEYYEDG 
20_Paracoccidioides_brasiliens      LIAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYEDG 
9_Paracoccidioides_brasiliensi      LIAIHTLAIRYANRTD--VVGSIELVNKPSIPG---GVQVSLLKEYYEDG 
1_Paracoccidioides_brasiliensi      LVAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYKDG 
2_Paracoccidioides_brasiliensi      LVAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYKDG 
4_Paracoccidioides_brasiliensi      LVAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYKDG 
5_Paracoccidioides_brasiliensi      LVAIHTLAIRYANRTD--VVDSIELVNKPSIPG---GVQVSLLKEYYKDG 
Paracoccidioides_brasiliensis_      LAAIRALANRYAKRTD--VVNSIELVNEPFVPG---GVQLDPLRKFYKDG 
1_Ajellomyces_dermatitidis_ER-      LNAVRALAERYAHQTD--VVDSIEIINEPFVPG---GVPLSQVKRFYHDG 
2_Ajellomyces_dermatitidis_SLH      LNAVRALAERYAHQTD--VVDSIEIINEPFVPG---GVPLSQVKRFYHDG 
1_Ajellomyces_capsulatus_H88        LNALRALAERYADQTD--VVDSIEILNEPFVPG---GVPLDEVKQFYHKG 
Trichophyton_verrucosum_HKI_05      YKALDVLIQRYAKKEG--VVDEINLINEPFPQA---GIQVEPLKDFYRQG 
Arthroderma_benhamiae_CBS_1123      YKALDVLIQRYAKKDG--VVDEINLINEPFPQA---GIQVEPLKDYYRQG 
Arthroderma_gypseum_CBS_118893      HKALDVLIERYSKHEG--VVDEINLINEPFPQA---GIQVEPLKEFYRQG 
Arthroderma_otae_CBS_113480         LKALDFLIQRYSHQEG--VVHSIGLINEPFPQA---GIQVEPLKEFYQKG 
Talaromyces_stipitatus_ATCC_10      LDAIRALSERYATQSD--VVTSIEALNEPMTVMGDAGVNVWTLQQYYYDS 
Penicillium_marneffei_ATCC_182      LHAISALSERYAIHSD--VVTSIEALNEPMTVMGDVGVNVWTLQQYYYDC 
Penicillium_chrysogenum_Wiscon      KDALEALAARYEGDGD--VVTAIEALNEPSIPG---GVNQDGLKQYYYDS 
Aspergillus_fumigatus_Af293         VDAFRALAERYLPQSD--VVTAIEALNEPNIPG---GVSEAGLRDYYNQI 
Neosartorya_fischeri_NRRL_181       VDAFRALAERYLPQSD--VVAAIEALNEPNIPG---GVSEAGLRDYYDQI 
_Aspergillus_clavatus               VDAFKALAERYLPESD--VVTAIEAVNEPNIPG---GVNEGQLKEYYNQV 
Aspergillus_clavatus_NRRL_1         VDAFKALAERYLPESD--VVTAIEAVNEPNIPG---GVNEGQLKEYYNQV 
Aspergillus_oryzae_RIB40            LDAFDLLAERYLG-SD--TVAAIEAINEPNIPG---GVDQGKLQEYYGSV 
Aspergillus_flavus_NRRL3357         LDAFDLLAERYLG-SD--TVAAIEAINEPNIPG---GVDQGKLQEYYGSV 
Aspergillus_niger_CBS_513.88        MTAFDALARRYAQ-SD--TVTAIEAVNEPNIPG---GVNEDGLKNYYYGA 
Aspergillus_terreus_NIH2624         VNAFRKLAERYVPSSD--VVTAIEAVNEPFIPG---GVNEDQLKEYYQQA 
_Aspergillus_nidulans               ILAFETLAQRYLADDD--TVTMIEALNEPHVPG---GINQDQLKDYYEET 
Aspergillus_nidulans_FGSC_A4        ILAFETLAQRYLADDD--TVTMIEALNEPHVPG---GINQDQLKDYYEET 
2_Botryotinia_fuckeliana_B05.1      LSVLNTITEKYAKKEYQDVVVGIELLNEPANWK----VNFDVLEQFYRDG 
2_Sclerotinia_sclerotiorum_198      LSVLNTITTKYAQEQYQDVVVGIELLNEPANWI----MDFEVLEQFYRDG 
2_Pyrenophora_tritici-repentis      LQVLNTIQKKYAQESYQDVIVGIQLLNEPALYN---GLNLDILKQFYRDG 
2_Pyrenophora_teres_f._teres_0      LQVLNTIQQKYAQASYQDVIVGIELLNEPALYN---GLNLDVLKQFYRDG 
Cochliobolus_carbonum               LQVLRTISQKYAQTSYQDVIVGIQLLNEPALYN---GLSRDVLAQFYRDG 
2_Phaeosphaeria_nodorum_SN15        VQVLRTISQKYAQTKYQDVVVGIQLLNEPALYLS--QVNEDATRQFYRDG 
2_Leptosphaeria_maculans            LQVLKTISDKYAQPSFQDVVVGIQILNEPAQYWED-KIKLDVTKQFYRDG 
Ustilago_maydis_521                 AAVIGTIAARYAQYDG--TVTSIQLLNEPAGFVG--GNILDYTKNYYYNG 
Sporisorium_reilianum               IAVISGIAARYAKYDG--TVTSIELLNEPAGYLG--GNMMDFTKSYYLRG 
Agaricus_bisporus                   NAIIKTIASTYKNMAD--VVAVIAPLNEPAGFDG--AQVLSVTKQYWFDS 
Laccaria_bicolor_S238N-H82          NKIIQTIASMFKDTTD--VVPIIAPLNEPAGFFG--NDVLTATKQYWYDS 
Coprinopsis_cinerea_okayama7#1      NAVIQRIADLYKDRTG--VVPAIAPLNEPAGFFG--ADVLSVTRQYWLDS 
Schizophyllum_commune_H4-8          NAIIKTLENMFKDRTD--TVTVIAPLNEPAGFHG--SDVLAATRQFWLDS 
                                       .      .           :  :*:*                      
 
1_Candida_albicans_SC5314           YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
2_Candida_albicans_SC5314           YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
3_Candida_albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
7_Candida_Albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
4_Candida_Albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
6_Candida_Albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
10_Candida_Albicans                 YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
9_Candida_Albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
11_Candida_Albicans                 YNSLRQTG-----SVTPVIIHDAAQVFG---------YWNNFLTVAEGQW 
5_Candida_Albicans                  YNSLRQTG-----SVTPVIIHDAFQVFG---------YWNNFLTVAEGQW 
Candida_dubliniensis_CD36           YNSLRQTG-----SVTPVIIHDAFQVFG---------YWDQFLTVAEGQW 
Candida_tropicalis_MYA-3404         YSSLRNTEG----SVTPLIIHDAFQVSG---------YWDNFLTVAGGQW 
Lodderomyces_elongisporus_NRRL      YSALRNTG-----SSTPVIIHDAFQSLG---------YWNNFLQTSNSVW 
_Candida_oleophila                  YSEIRNNDGVE--SYNAIIIHDAFQQTDH--------YWDNFMQVSGGYW 
Scheffersomyces_stipitis_CBS_6      YNNLRQTGS-----VTPVIIHDAFQAPGY--------WDNFLTVENGDYW 
Schwanniomyces_occidentalis         YQNLRNSGS-----VQAVIIQDAFQPMGY--------WDNFLTLD--QYW 
1_Meyerozyma_guilliermondii_AT      YSNLRDTGS-----VQALVVQDAFQSNTY--------WNDQLQTPN--AW 
Debaryomyces_hansenii_CBS767        YKTVRNSG------VQTVVIHDAFQDMGF--------WNNDFNPPN-KYW 
Clavispora_lusitaniae_ATCC_427      YKNMRSVSTN------NVIIHDAFQPFN---------YYDSFMQADGGYY 
Wickerhamomyces_anomalus            YHNLRNTGS-----SQNVIIHDAFQTWD---------YFNDKFHT-PDYW 
_Wickerhamomyces_anomalus           YHNLRNTGS-----SQNVIIHDAFQTWD---------SFNDKFHT-PDYW 
Williopsis_saturnus                 YWNLRNSNS-----TQTVVIHDAFTASG---------YFNDKFQLNQGYW 
2_Pichia_angusta_DL-1               YQLVRDNGN------APVIIHDAYLADHTF-------DNVLNTEQDPNIW 
Pichia_pastoris_GS115               YDLVRDVGN------NFVVIHDAFYQAPEY-------WGDDFTSAEG-YW 
Kluyveromyces_lactis_NRRL_Y-11      YDYLRNDLQR----DQILVIHDAFQKAN---------YFDDQLTVEQGAF 
gi|46395589|sp|Q875R9.1|EXG_SA      YDYLRNELGS----DQIVVIHDAFEAYN---------YWDSTLTVEDGSW 
Ashbya_gossypii_ATCC_10895          YDLMRNKFKR----DQVVVIHDAFMPSQ---------FWNSDLTLDKGYW 
1_Yarrowia_lipolytica               FWTVRHAGS-----DTAVVIHDAFQEKN---------YFNNFMTTEQGFW 
1_S.sclero                          WGNVRNANP-----DTAVVIHDAFLSPPSWNGF---------MNYQSGVN 
1_Botryotinia_fuckeliana_B05.1      WGNVRNANP-----DTAVVIHDAFLSPPSWNGF---------MNYQSGVN 
bgh00086_mRNA                       WGNVRTQG------QTAVTIHDAFLDPRSWNGF---------MNSEAGVN 
1_Pyrenophora_teres_f._teres_0      WGNLKDSN-------VAITFHDAFQGVTSWG------------NWGAGMW 
1_Pyrenophora_tritici-repentis      WGNLKDSN-------VAITFHDAFQGVTSWG------------NWGAGMW 
1_Leptosphaeria_maculans            WGNLRDSN-------VAVAFHDAFQGVTSWN------------NWGAGMW 
1_Phaeosphaeria_nodorum_SN15        WGNLKNSE-------VAITFHDAFQGVTSWG------------NWGAGMW 
Tuber_melanosporum_Mel28            WGAVRDFS------DTGVVIGDAFFDTKSWNG-----------VMTTGWD 
14_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
19_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
18_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
13_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
11_Paracoccidioides_brasiliens      YHIVRDIDG-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
17_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
6_Paracoccidioides_brasiliensi      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
10_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
8_Paracoccidioides_brasiliensi      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
12_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVSISDASLPP-----RTWN----GFLAP-KTYK 
_Paracoccidioides_brasiliensis      YHIVRDIDS-----TVGVAISDASLPP-----RTWN----GFLAP-KTYK 
3_Paracoccidioides_brasiliensi      YHIVRDIDS-----TVGVAISDASLPP-----RTWN----GFLAP-KTYK 
7_Paracoccidioides_brasiliensi      YHIVRDIDS-----TVGVAISDASLLP-----RTWN----GFLAP-KTYK 
21_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVAISDASLLP-----RTWN----GFLAP-KTYK 
20_Paracoccidioides_brasiliens      YHIVRDIDS-----TVGVAISDASLLP-----RTWN----GFLAP-KTYK 
9_Paracoccidioides_brasiliensi      YHIVRDIDS-----TVGVAISDASLLP-----RTWN----GFLAP-KTYK 
1_Paracoccidioides_brasiliensi      YDIVRDIDS-----TVGVAISDASLPP-----RIWN----GFLAP-KAYK 
2_Paracoccidioides_brasiliensi      YDIVRDIDS-----TVGVAISDASLPP-----RIWN----GFLAP-KAYK 
4_Paracoccidioides_brasiliensi      YDIVRDIDS-----TVGVAISDASLPP-----RIWN----GFLAP-KAYR 
5_Paracoccidioides_brasiliensi      YDIVRDIDS-----TVGVAISDASLPP-----RIWN----GFLAP-KAYK 
Paracoccidioides_brasiliensis_      YAIVRGVDS-----TVGVAISDGFQPP-----RSWN----GFMAP-KDFK 
1_Ajellomyces_dermatitidis_ER-      YKIVRNANR-----NVGVAISDAFQDP-----PSWN----GFMLPSQNFH 
2_Ajellomyces_dermatitidis_SLH      YKIVRNANR-----NVGVAISDAFQDP-----PSWN----GFMLPSQNFH 
1_Ajellomyces_capsulatus_H88        YKVVRDINP-----NVGVAISDAFQDL-----RSWN----GFMLPSKNFH 
Trichophyton_verrucosum_HKI_05      AAKVKSANP-----NVAVVISDAFMGP-----SKWN----GFDVG----A 
Arthroderma_benhamiae_CBS_1123      AAKVKSANP-----NVAVVISDAFMGP-----SKWN----GFDVG----A 
Arthroderma_gypseum_CBS_118893      AAKVKSANP-----NVAVVISDAFMGP-----SKWN----GFDLG----T 
Arthroderma_otae_CBS_113480         ADKVKSSNP-----NLAVVISDAFMGP-----SKWN----GYDLG----A 
Talaromyces_stipitatus_ATCC_10      WGRLREVNQ-----DTALTLHDGFQDI-----GFWN----GFMGSGSGVW 
Penicillium_marneffei_ATCC_182      WGRLREVNQ-----DTALTLHDGFRDI-----SFWN----GFMGPYSGVW 
Penicillium_chrysogenum_Wiscon      WGLIRKASQ-----DTTLVLHDGFVPT-----ESWN----GFMSESAGVW 
Aspergillus_fumigatus_Af293         ADVVRQIDP-----GTSVFLSDGFLST-----ESWN----GFKT----GE 
Neosartorya_fischeri_NRRL_181       ADVVRQINP-----DTSVFLSDGFLST-----ASWN----GFKT----GE 
_Aspergillus_clavatus               LEVVHSINP-----DAGVFLSDGFLAT-----ASWN----GYAN----GE 
Aspergillus_clavatus_NRRL_1         LEVVHSINP-----DAGVFLSDGFLAT-----ASWN----GYAN----GE 
Aspergillus_oryzae_RIB40            YGIVNKYNA-----GTSVVYGDGFLPV-----ESWN----GFKTE---GS 
Aspergillus_flavus_NRRL3357         YGIVNKYNA-----GTSVVYGDGFLPV-----ESWN----GFKTE---GS 
Aspergillus_niger_CBS_513.88        LADVQRLNP-----STTLFMSDGFQPV-----ESWN----GFMQ----GS 
Aspergillus_terreus_NIH2624         YDIVTQMSP-----DVDLVFSDGFINP-----TPWN----GFISD---SG 
_Aspergillus_nidulans               LARVRKNSP-----EATLLLHDGFVQT-----EGWNGFMTG--------E 
Aspergillus_nidulans_FGSC_A4        LARVRKNSP-----EATLLLHDGFVQT-----EGWNGFMTG--------E 
2_Botryotinia_fuckeliana_B05.1      YGQVRAVS------DSIVVIHDAFLAP-----SNWNN---ILSSNDANAY 
2_Sclerotinia_sclerotiorum_198      YGQVRDVS------DTVVVLHDAFYQP-----NTWNN---ILSPNDNNAQ 
2_Pyrenophora_tritici-repentis      YGQTRAVS------DTPVILHDGFNNP-----NTWNG---FLTPSDNNAY 
2_Pyrenophora_teres_f._teres_0      YGQTRSVS------DTPVVLSDGFNNP-----NTWNG---FLTPSDNNAY 
Cochliobolus_carbonum               YGQVREVS------DTPVIISDGFTAP-----NSWNG---FLTPSDANAQ 
2_Phaeosphaeria_nodorum_SN15        YGQVRQVS------DTPVILHDGFKAP-----NTWNG---FLTPSDNNAQ 
2_Leptosphaeria_maculans            YGQVREVS------DTPVILGDGFMPP-----SSWNG---FLTPSDGSAL 
Ustilago_maydis_521                 YGAARSRFG-----NAAIMIHDAFQTLS----------YWNGFMQPQQFQ 
Sporisorium_reilianum               YSSARSKFG-----NAAIMIHDGFMGLQ----------YWNGVAQPPQYQ 
Agaricus_bisporus                   YGNIRFPFGTSQQSNTMVMIHDAFQSLS----------FWNGFMQPPDFD 
Laccaria_bicolor_S238N-H82          YANIRQPYGNATQSNTVVMIHDAFQSQD----------YWKGFMNPPNWQ 
Coprinopsis_cinerea_okayama7#1      YGNIRYPYGNDATSNTVVIIHDAFEPTA----------NWKDFMPYPQYE 
Schizophyllum_commune_H4-8          YGNIRYPFGSSRKSNTVELIHDAFQDLS----------YWNGFMTSG-FE 
                                                         *.                            
 
1_Candida_albicans_SC5314           NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
2_Candida_albicans_SC5314           NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
3_Candida_albicans                  NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
7_Candida_Albicans                  NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
4_Candida_Albicans                  NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
6_Candida_Albicans                  NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGQWS 
10_Candida_Albicans                 NVVVDHHHYQVISGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
9_Candida_Albicans                  NVVVDHHHYQVYSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
11_Candida_Albicans                 NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGSWS 
5_Candida_Albicans                  NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
Candida_dubliniensis_CD36           NVVVDHHHYQVFSGGELSRNINDHISVACNWGWDAKK--ESHWNVAGEWS 
Candida_tropicalis_MYA-3404         NVVLDHHHYQVFSAGELSRDIDQHISVACNWGWSAKN--EYHWTVTGEWS 
Lodderomyces_elongisporus_NRRL      NVVIDHHHYQVFSAGELQRSIDEHVSTACNWGWDTKK--ESHWTVAGEWS 
_Candida_oleophila                  NVVVDHHHYQVFDQAALELLIEDHIKTACNWGTTHKD--EAHWNIVGEWS 
Scheffersomyces_stipitis_CBS_6      SVVIDHHHYQVFSYGELARDIDQHISVACNWAWDSKK--EYHWNVAGEWS 
Schwanniomyces_occidentalis         NVVVDHHHYQVFSAGELQRSIDDHITVACNWGWDAKK--EYHWNVAGEWS 
1_Meyerozyma_guilliermondii_AT      NVVIDHHHYQVFSPSQLQTSNKDRINNACMWGWSLKE--ESHWNVAGEWS 
Debaryomyces_hansenii_CBS767        DVVVDHHHYQVFSQDDLEKSIDEHVETVCQWGRSATE--ESHWNVVGEWS 
Clavispora_lusitaniae_ATCC_427      NVVLDHHHYQVFSGGELSRDINAHLSVACGWGSSAAT--ESHWNVCGEFS 
Wickerhamomyces_anomalus            NVVIDHHHYQVFSPGELSRSVDEHVKVACEWGANSTK--ENHWNLCGEWS 
_Wickerhamomyces_anomalus           NVVIDHHHYQVFSPGELSRSVDEHVKVACEWGANSTK--ENHWNLCGEWS 
Williopsis_saturnus                 GLVIDHHHYQVFSQQEVQRSIDEHVEVACQWGKDSKG--ENLWNLCGEWS 
2_Pichia_angusta_DL-1               EVIVDHHHYQVFDQGSLSQSIDEHVSTACGWGQSENT--EYHYSLCGEWT 
Pichia_pastoris_GS115               NVVLDHHHYQVFDADELQRSIDEHIEAACDWGRDANK--EYHWNLCGEWS 
Kluyveromyces_lactis_NRRL_Y-11      GVLVDHHHYQVFSPEEVGRTIDEHISVVCEQGKETLT--EAHWNVVGEWS 
gi|46395589|sp|Q875R9.1|EXG_SA      GVVVDHHHYQCFSSDQLARSIDEHVSVACEWGTGVLT--ESHWTVAGEWS 
Ashbya_gossypii_ATCC_10895          GVVVDHHHYQVFSPGELARSMDDKVKTACAWGHDVIS--ESHWPVCGEWS 
1_Yarrowia_lipolytica               NVVLDHHQYQVFSPGELARNIDQHIAEVCNVGRQAST--EYHWRIFGEWS 
1_S.sclero                          DIILDTHIYQIFSFAEVAMKPCQHVQVACSQIGNLAN--TDKWTIVGEFS 
1_Botryotinia_fuckeliana_B05.1      DIILDTHIYQIFSFAEVAMKPCQHVQVACSQVGNLAN--TDKWTIVGEFS 
bgh00086_mRNA                       NVILDTHIYQVFSQNEVAMKPCAHVQTACSSIDKIKP--TDKWTIVGEWT 
1_Pyrenophora_teres_f._teres_0      NLMLDTHHYEIFDNNAVAMSPDQHVKTACDFGNQMAS--TGKWTIAGEWT 
1_Pyrenophora_tritici-repentis      NLMLDTHHYEIFDNNAVAMSPDQHIKTACDFGKQMAS--TGKWTIAGEWT 
1_Leptosphaeria_maculans            HLLLDTHHYEIFDNNAVRMSIDDHVRTACDFGNQMAS--TGKWTIAGEWT 
1_Phaeosphaeria_nodorum_SN15        NLLLDTHHYEIFDNGMVSQDLNGHIKQACDFGNQMAS--TGKNTIAGEWT 
Tuber_melanosporum_Mel28            HVLMDTHHYQVFDVGQLQQSPQDHVNAACSFGRSLVG--VDKWTVVGEWS 
14_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
19_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
18_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
13_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
11_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
17_Paracoccidioides_brasiliens      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
6_Paracoccidioides_brasiliensi      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
10_Paracoccidioides_brasiliens      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
8_Paracoccidioides_brasiliensi      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
12_Paracoccidioides_brasiliens      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
_Paracoccidioides_brasiliensis      NVYIDTYHNQVFDDIFRTFTIDQHVKLACSLPHGRLRG-ADKPLIVKEWS 
3_Paracoccidioides_brasiliensi      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
7_Paracoccidioides_brasiliensi      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
21_Paracoccidioides_brasiliens      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
20_Paracoccidioides_brasiliens      NVYLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLTVKEWS 
9_Paracoccidioides_brasiliensi      NVYLDTYHNQVFDDTFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
1_Paracoccidioides_brasiliensi      NVFLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
2_Paracoccidioides_brasiliensi      NVFLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
4_Paracoccidioides_brasiliensi      NVFLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
5_Paracoccidioides_brasiliensi      NVFLDTYHNQVFDDIFRTFTIDQHVKLACSLPHDRLRG-ADKPLIVKEWS 
Paracoccidioides_brasiliensis_      NVHLDTHHYQVFDDAFKTFTIDQHVKLACSLPKDRLSG-VDKPLIVGEWS 
1_Ajellomyces_dermatitidis_ER-      NVQLDVHHYQVFDNALVNFNVDQHVNLACSFGREKLAK-TDKRTFVGEWT 
2_Ajellomyces_dermatitidis_SLH      NVQLDVHHYQVFDNALVNFNVDQHVNLACSFGREKLAK-TDKRTFVGEWT 
1_Ajellomyces_capsulatus_H88        NVFLDAHHYQVFDNAFTSFSVDQHVNLACSYGREQVAK-TDKKTFVGEWS 
Trichophyton_verrucosum_HKI_05      KTIIDTHHYQVFSPQLVAMDINQHVKAACDFGNDELAK-SSIPAIVGEWC 
Arthroderma_benhamiae_CBS_1123      KTIIDTHHYQVFSPQLVAMDINQHVKAACDFGNDELAK-SSIPAIVGEWC 
Arthroderma_gypseum_CBS_118893      KTIIDTHHYEVFSAELVAWNIDQHIKAACDFGTNELAQ-SSIPAVVGEWC 
Arthroderma_otae_CBS_113480         KTIIDTHHYEVFSPELVAWTVDQHVKAACDFGTNELTP-SSLSPIVGEWC 
Talaromyces_stipitatus_ATCC_10      NVMMDTHHYEVFDNGLLSLDINGHTQTACSFG-DKVAA-TDKWTIVGEWT 
Penicillium_marneffei_ATCC_182      NVMMDTHHYEVFDNGLLSLDTNGHTQNVCAFG-NKAAA-TDKWTIVGEWT 
Penicillium_chrysogenum_Wiscon      YVMMDTHHYEVFDNGLLAMDTQTHVSNVCSFAQDHLVT-SDKWAIVGEWT 
Aspergillus_fumigatus_Af293         DVVMDTHHYEMFDNYLISLDIDGHVKSACDFGKQIEG--SDKPVVVGEWS 
Neosartorya_fischeri_NRRL_181       DVVMDTHHYEMFDNYLISLDIHGHVKSACDFGKQIKG--SDKPVVVGEWS 
_Aspergillus_clavatus               NVVMDTHHYHMFDNTLISLDINAHVRAACEFGNQIKG--SDKPVVVGEWT 
Aspergillus_clavatus_NRRL_1         NVVMDTHHYHMFDNTLISLDINAHVRAACEFGNQIKG--SDKPVVVGEWT 
Aspergillus_oryzae_RIB40            KVVMDTHHYHMFDNGLIAMDIDSHIDAVCQFAHQHLEA-SDKPVIVGEWT 
Aspergillus_flavus_NRRL3357         KVVMDTHHYHMFDNGLIAMDIDSHIDAVCQFAHQHLEA-SDKPVIVGEWT 
Aspergillus_niger_CBS_513.88        NVVMDTHHYQVFDTGLLSMSIDDHVKTACSLATQHTMQ-SDKPVVVGEWT 
Aspergillus_terreus_NIH2624         NIVMDNHHYEVFDINLLRMSVDDHVRSVCDFGRTQLAP-ATKPVVVGEWT 
_Aspergillus_nidulans               NVMMDTHHYEVFEGGQNAWSIEKHIDAACQLGRQHLQA-ADKPVIVGEWT 
Aspergillus_nidulans_FGSC_A4        NVMMDTHHYEVFEGGQNAWSIEKHIDAACQLGRQHLQA-ADKPVIVGEWT 
2_Botryotinia_fuckeliana_B05.1      GVVVDHHEYQVFSDSLVAMSAAEHVEYVCSNAGAYTG--ADKWVVVGEFT 
2_Sclerotinia_sclerotiorum_198      GVVIDHHEYQVFSDALVAMTPAEHVDYVCSNAHVYTG--TDKWVVVGEFT 
2_Pyrenophora_tritici-repentis      NVVMDHHEYQVFDQTLLKMSPAQHTSYVCSNSGTWSG--ADKWTIIGEWT 
2_Pyrenophora_teres_f._teres_0      NVVMDHHEYQVFDQTLLKMTPAQHTSYVCSNSGTWSG--SDKWTIVGEWT 
Cochliobolus_carbonum               NVAIDNHQYQVFDSNLLKLSPAGHAQQACRNTGAYGG--ADKWTFVGEWT 
2_Phaeosphaeria_nodorum_SN15        NVAMDHHEYQVFDNNLLRKSPQEHAQYACSNSESYNG--ADKWS---EWT 
2_Leptosphaeria_maculans            NVAMDHHEYQIFDNKFIKWSPAQHIDYVCTNADTYNG--ADKWTFVGEWT 
Ustilago_maydis_521                 QVLLDTHIYQVFSPAEVARNENDRLNTFCGMANGLASSDKNLWTIEGEWT 
Sporisorium_reilianum               QVLLDTHIYQVFSPQEVARSDDERLNAYCGMANGLASSNKNLWTVVGEWS 
Agaricus_bisporus                   GVLLDTHRYQMFSDAENHKSEQQHIQSACSSGPGLAS--APLWAIVGEWT 
Laccaria_bicolor_S238N-H82          GVILDTHIYQVFSTPENQRTNSQHIQVACSTQSTLSTSPAGLWVVVGEWT 
Coprinopsis_cinerea_okayama7#1      GVILDTHIYQVFNNDQVAWSEDQHIRGICDRASAMTDS--GMWTVVGEWS 
Schizophyllum_commune_H4-8          GVAIDTHIYTIFSNAEAAMSFNQHVSTVCNKQGALSS--FDLWTIVGEWT 
                                       :* :     .          :    *                  .:  
 
1_Candida_albicans_SC5314           AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--MLDISQWSD 
2_Candida_albicans_SC5314           AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
3_Candida_albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--MLDISQWSD 
7_Candida_Albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
4_Candida_Albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
6_Candida_Albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
10_Candida_Albicans                 AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
9_Candida_Albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
11_Candida_Albicans                 AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
5_Candida_Albicans                  AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--LLDISQWSD 
Candida_dubliniensis_CD36           AALTDCAKWLNGVNRGARYEGAYDNAP-----YIGSCQP--FLDISQWSD 
Candida_tropicalis_MYA-3404         AALTDCAYWLNGVNRGARWEGAYDGSP-----YYGSCEP--YLQFSSWTD 
Lodderomyces_elongisporus_NRRL      AALTDCAPWLNGVGRGARFTGDYDNSP-----YIGSCDS--LDTG----- 
_Candida_oleophila                  SALTDCAKWLNGVGHGARWSGNYDNCP-----YIDSCLS--YTDLSGWTD 
Scheffersomyces_stipitis_CBS_6      AALTDCAKWLNGVGRGARYAGQYDNSA-----YIGDCTP--YLDLGTWTQ 
Schwanniomyces_occidentalis         AALTDCARWLNGVGRGARFSGDFDNSP-----YFGSCDC--YVNIATWPS 
1_Meyerozyma_guilliermondii_AT      AALTDCARWLNGVGRGARWSGNYDNSP-----YIGSCDP--YTDVANWPS 
Debaryomyces_hansenii_CBS767        AALTDCATWLNGVGRGARYSGDFDNTP-----YIGSCDN--YLDYGSWSN 
Clavispora_lusitaniae_ATCC_427      AALTDCAVWLNGVGRGARWSGDYDNSP-----NFGSCDM--YVNPDNWTS 
Wickerhamomyces_anomalus            AAMTDCTKWLNGVGRGSRYDQTFDYDPSQNQNYIGSCQG--SQDISTWDD 
_Wickerhamomyces_anomalus           AAMTDCTKWLNGVGRGSRYDQTFDYDPSQNQNYIGSCQG--SQDISTWDD 
Williopsis_saturnus                 AALTDCAKWLNGVGKGARYDQTFGNS-----QYTGSCTN--SQDISTWSS 
2_Pichia_angusta_DL-1               AALTDCAKWLNGAGRGARYDATFGGGN-----YIGSCDQLYTANYDYFTP 
Pichia_pastoris_GS115               AALTDCTPWLNGVGKGTRYEGQLDNSP-----WIGSCENSQDP--SKLSS 
Kluyveromyces_lactis_NRRL_Y-11      AALTDCTKWLNGVGIGARYDGSFVKNQ-DTSYWIGSCEG--SQDISTWTS 
gi|46395589|sp|Q875R9.1|EXG_SA      AALTDCAKWINGVGYGARYDGSFTKDS-ESSYYIGSCEN--NEDVSTWSE 
Ashbya_gossypii_ATCC_10895          AALDDCAKWLNGVGVGARWDGTFNKNG-DKAPYQGDCH----QFYESWPE 
1_Yarrowia_lipolytica               AALTDCTHWLNGVGKGPRLDGSFPGSY-----YQRSCQG--RGDIQTWSE 
1_S.sclero                          GAQTDCAKWLNGFGVGSRYDGSYP-GSPA---VYGSCQTKDVGTVDGLLA 
1_Botryotinia_fuckeliana_B05.1      GAQTDCAKWLNGFGVGSRYDGSYP-GSPA---WYGSCQTKDVGTVDGLLE 
bgh00086_mRNA                       GAQTDCAKWLNGLGKGARYDGTLPGHSEG---YYGSCDKKYEGTVDSMLP 
1_Pyrenophora_teres_f._teres_0      GGITDCAKWLNGKDKGARYDGTFG--GSK---VG-DCTGKSTGTVAGLSS 
1_Pyrenophora_tritici-repentis      GGITDCAKWLNGKDKGARYDGTFG--GSK---VG-DCTGKSTGTVAGLSN 
1_Leptosphaeria_maculans            GGITDCAKWLNGKNKGARYDGTYN--GAA---WTGDCTGKSTGTVAGLSE 
1_Phaeosphaeria_nodorum_SN15        GGLTDCAKWLNGKDKGARYDGTLS--GSS---KVGDCAGKYTGSVAALSN 
Tuber_melanosporum_Mel28            AARTDCTKWLNGVGRGTRWEGTFS--GGP---RIGDCGNRIQGSAASYSA 
14_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
19_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
18_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
13_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
11_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
17_Paracoccidioides_brasiliens      GAMTDCAIYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
6_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
10_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
8_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
12_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
_Paracoccidioides_brasiliensis      GAMTDRAMYLNGRGIGSRFDGSFLAGKP-----SGACGARSKGSSSELSA 
3_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
7_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
21_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
20_Paracoccidioides_brasiliens      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
9_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFPSGKP-----SGACGARSKGSSSELSA 
1_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFHSGKP-----SGACGARSKGSSSELSA 
2_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFRSGKP-----SGACGARSKGSSSELSA 
4_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFHSGKP-----SGACGARSKGSSSELSA 
5_Paracoccidioides_brasiliensi      GAMTDCAMYLNGRGIGSRFDGSFHSGKP-----SGACGARSKGSSSELSA 
Paracoccidioides_brasiliensis_      GAMTDCAKYLNGRGRGARFDNSYPSGKP-----SGACGARSTGSSSKLSA 
1_Ajellomyces_dermatitidis_ER-      AAMTDCAKYLNGRGMGARFDKSHPNGKP-----SGACGGRYFGSVGRLPA 
2_Ajellomyces_dermatitidis_SLH      GAMTDCAKYLNGRGMGARFDKSHPNGKP-----SGACGGRYFGSVGRLPA 
1_Ajellomyces_capsulatus_H88        AAMTDCAKYLNGRGKGARFDKSFPNGKR-----SGACGGRYFGSVKQLPD 
Trichophyton_verrucosum_HKI_05      GALTDCTQYLNGRHEGARYDGTHKDSDPKTA-VPNGCVRKTGGSASQLTD 
Arthroderma_benhamiae_CBS_1123      GALTDCTQYLNGRHEGARYDGTHKDSDPKTA-VPNGCVRKTGGSASQLTD 
Arthroderma_gypseum_CBS_118893      GALTDCTKYLNGRHEGYRYDGTHKDSNPSTA-VPNGCARKTEGSVAQLTD 
Arthroderma_otae_CBS_113480         GAMTDCAKYLNGRHEGARYDGSHKDSNHDTA-VPNGCVGKSEGSISGFSD 
Talaromyces_stipitatus_ATCC_10      GAMTDCAKYLNGRGVGARWDGSYGSGSTF----HGSCDRYSQGEVTALPE 
Penicillium_marneffei_ATCC_182      GAMTDCAKYLNGRGVGARWDGSFGQGSSY----HGSCDGYSQGEVTSLSD 
Penicillium_chrysogenum_Wiscon      GAMTDCAKYLNGKGIGARYDGTFSN-SQH----IGSCEGKSTGSVAAMSE 
Aspergillus_fumigatus_Af293         GAVTDCTKHLNGKGVSTRYQG-EYANNVK----YGDCANTTQGSVADLSD 
Neosartorya_fischeri_NRRL_181       GAVTDCTKYLNGKGVPTRYQG-EYANNPK----YGDCGDKTQGSVADLSD 
_Aspergillus_clavatus               GALTDCTKHLNGKDIPTRYEG-QWANSPR----YGDCGNKRQGSSSGLSE 
Aspergillus_clavatus_NRRL_1         GALTDCTKHLNGKDIPTRYEG-QWANSPR----YGDCGNKRQGSSSGLSE 
Aspergillus_oryzae_RIB40            GAVTDCAKYLNGKGNGARYDG-SYAADKA----IGDCSSLATGFVSKLSD 
Aspergillus_flavus_NRRL3357         GAVTDCAKYLNGKGNGARYDG-SYAADKA----IGDCSSLATGFVSKLSD 
Aspergillus_niger_CBS_513.88        GALTDCAKYLNGVGNAARYDG-TYMSTTK----YGDCTGKSTGSVADFSA 
Aspergillus_terreus_NIH2624         GAMTDCARYLNGRGVGARYDG-AMGGES-----VGDCGPFIQGSVSDLSP 
_Aspergillus_nidulans               GALSDCTRYLNGKGIGIRYDG-TLGSNTA----VGACGSKSEGSVAGLSA 
Aspergillus_nidulans_FGSC_A4        GALSDCTRYLNGKGIGIRYDG-TLGSNTA----VGACGSKSEGSVAGLSA 
2_Botryotinia_fuckeliana_B05.1      AAMTDCAYALNGYGVGARYDGTYPGSSYVG-------SCEGKSDITTWSD 
2_Sclerotinia_sclerotiorum_198      AAMTDCAFALNGYGVGSRYDGSYPNSTYVD-------SCEGKSDITTWSD 
2_Pyrenophora_tritici-repentis      SAMTDCAKYLNGYGIGARFDGTFPGSSKIG-------DCSWRNDLSKWPA 
2_Pyrenophora_teres_f._teres_0      SAMTDCAKYLNGYGIGARFDGTFPGSSKIG-------DCSWRNDLSKWPA 
Cochliobolus_carbonum               SAMTDCARYLNGYGRGARYDGTYLGNPKLG-------ECGWRNDLAQWPA 
2_Phaeosphaeria_nodorum_SN15        GAMTDCAKYLNGYGRGARYDGTLAGSSYIG-------ACGFQNDISKWNQ 
2_Leptosphaeria_maculans            GAMTDCARYLNGYGRGARYDGTLNNAPKIG-------NCGWQNDIKQWSQ 
Ustilago_maydis_521                 NAPTDCAKYLNGRGVGARYDGSYP-GSYYVG-----SCSDKTGDGSNFSD 
Sporisorium_reilianum               NAPTDCAKYLNGRGVGARYDGSFGQGSWYVG-----SCNGKTGDGSNFSA 
Agaricus_bisporus                   PAANDCAKYLNGRGVGSRYDGSFP-GSSRVG-----SCTGLTGKASTFSS 
Laccaria_bicolor_S238N-H82          PAATDCAKYLNGRGVGARYDGTFP-GSTAVG-----TCAGMTGKAWTFSQ 
Coprinopsis_cinerea_okayama7#1      PARTDCTKYLNGRGIGNRYEGTYP-GSTRVG-----SCEGLTGDASSFSA 
Schizophyllum_commune_H4-8          PAYTDCARYLNGRGIGARYDGSYP-GSSRIG-----SCSSKTGTGDTFSN 
                                     .  * :  :**     *                                 
 
1_Candida_albicans_SC5314           EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
2_Candida_albicans_SC5314           EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
3_Candida_albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
7_Candida_Albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
4_Candida_Albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
6_Candida_Albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
10_Candida_Albicans                 EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
9_Candida_Albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
11_Candida_Albicans                 EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
5_Candida_Albicans                  EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTEN-APEWSFQTLTYNGLF 
Candida_dubliniensis_CD36           EHKTDTRRYIEAQLDAFEY--TGGWVFWSWKTES-APEWSFQTLTYNGLF 
Candida_tropicalis_MYA-3404         EHKTNVRRYIEAQLDAFEF--TGGWIFWSWKTEN-AIDWDFQKLTDNGIF 
Lodderomyces_elongisporus_NRRL      ----NMRRYIEAQLDAFEY--NGGWIFWNWKTED-ALEWDFQKLTFQGIF 
_Candida_oleophila                  EYKTNVRKYTEAQLDAWEQ--VGGWFFWCWKTES-APEWDFQALTNAGLI 
Scheffersomyces_stipitis_CBS_6      DYKTNVRKYIEAQLDGFEQ--TGGWVFWNWKTEN-AVEWDFKRLTAAQLF 
Schwanniomyces_occidentalis         EYRTNVRRYIEAQLDAFEQ--TGGWFFWNWKCEN-AIEWDLQGLITAGVF 
1_Meyerozyma_guilliermondii_AT      DYRTDVRKYIEAQLDAFEV--AAGWFFWNWKCED-AIEWDFKRLTAAGVF 
Debaryomyces_hansenii_CBS767        DYRTNVRKYIEAQLDAYEQ--GAGWIFWSWKTEN-AVEWDFSRLTQAGIF 
Clavispora_lusitaniae_ATCC_427      DHKTNVRKYIEAQLDAFEH--TGGWIFWNWKCED-AIDWDMSRLIDVGVF 
Wickerhamomyces_anomalus            DKKSNYRRYIEAQLDAFEK--RSGWIFWTWKTET-TLEWDFQKLSYYGIF 
_Wickerhamomyces_anomalus           DKKSNYRRYIEAQLDAFEK--RSGWIFWTWKTET-TLEWDFQKLSYYGIF 
Williopsis_saturnus                 DVKANYRRYIEAQLDAFEQ--RGGWVFWCWKTEN-AGEWDFQKLAYNGVF 
2_Pichia_angusta_DL-1               EVISNYRRYVEAQMDSFLYGKNAGWVFWCWKTEN-TIEWDMQRLLGLGII 
Pichia_pastoris_GS115               ERICEYRRYVEAQLDAFLHGKSAGFIFWCFKTEA-SLEWDFKRLVNAGIM 
Kluyveromyces_lactis_NRRL_Y-11      DKKDNYRKYIEAQLDAYEIR--NGWIYWCYKTED-TLEWDYRKLVQSGLF 
gi|46395589|sp|Q875R9.1|EXG_SA      ERKSNNRKYVEAQLDAFELR--GGWIFWCYKTET-TVEWDLQRLMYSGLF 
Ashbya_gossypii_ATCC_10895          EKKKNTRRYIEAQLDAYELR--GGWIFWCWKTET-LTEWDFQRLLAHGLM 
1_Yarrowia_lipolytica               QDKQESRRYVEAQLDAWEHG-GDGWIYWTYKTEN-ALEWDFRRLVDNGIF 
1_S.sclero                          IDKVNLAYFMEAQLDAYE--AHSGWVFWTWKTE-SAPEWHFQNLTRAGLI 
1_Botryotinia_fuckeliana_B05.1      VDKVNLAYFMEAQLDAYE--AHSGWVFWTWKTE-SAPEWHFQNLTRAGLI 
bgh00086_mRNA                       VDKTNLQYFVEAQLDAYE--SHTGWFFWTWKTE-SAPEWHFQNLTRAGLI 
1_Pyrenophora_teres_f._teres_0      DDKYNIGRFIEAQLDAYE--KASGWIFWTWKTE-GAPEWDMQDLLANGLF 
1_Pyrenophora_tritici-repentis      DDKYNIGRFIEAQLDAYE--KASGWIFWTWKTE-GAPEWDMKDLLANGLF 
1_Leptosphaeria_maculans            ADKTNVGRFIEAQLDAYE--KASGWIFWTWKTE-GAPEWDMQALLAAGIF 
1_Phaeosphaeria_nodorum_SN15        DDKYNIGRFIEAQLDAYE--KAAGWIFWTWKTE-GAPEWDMQDLLANGIF 
Tuber_melanosporum_Mel28            EEKANTRAFIEAQLDAYE--LVDGWFFWTWKSQ-GSPDWELRDLLANGLF 
14_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
19_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
18_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWAWKTE-GAPGWDMQDLLNQKLF 
13_Paracoccidioides_brasiliens      QQKKDTLLYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
11_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
17_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
6_Paracoccidioides_brasiliensi      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
10_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
8_Paracoccidioides_brasiliensi      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
12_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
_Paracoccidioides_brasiliensis      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
3_Paracoccidioides_brasiliensi      QQKKDTLRYIEAQLDAFE--VAAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
7_Paracoccidioides_brasiliensi      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
21_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
20_Paracoccidioides_brasiliens      QQKKDTLRYIEAQLDAFV--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
9_Paracoccidioides_brasiliensi      QQKKDTLRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKPF 
1_Paracoccidioides_brasiliensi      QQKRDTRRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
2_Paracoccidioides_brasiliensi      QQKRDTRRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
4_Paracoccidioides_brasiliensi      QQKRDTRRYIEAQLDAFE--VGAGWYFWTWKTE-GAPGWDMQDLLNQKLF 
5_Paracoccidioides_brasiliensi      QQKRDTRRYIEAQLDAFE--VGAGWYSWTWKTE-GAPGWDMQDLLNQKLF 
Paracoccidioides_brasiliensis_      QQKKDTRRYIEAQLDAFK--VGAGWFFWTWKTE-GAPGWDMRDLLKQELF 
1_Ajellomyces_dermatitidis_ER-      QQKAEIRRFLEAQLDAYE--NCAGWFFWTWKTE-GSPEWDMQDLLSAGLF 
2_Ajellomyces_dermatitidis_SLH      QQKAEIRRFLEAQLDAYE--NCAGWFFWTWKTE-GSPEWDMQDLLSAGLF 
1_Ajellomyces_capsulatus_H88        QQKVGIRRFIEAQLDAYG--LGAGWFFWTWKTE-GSPGWDMRDLLSAGLF 
Trichophyton_verrucosum_HKI_05      EEKTNTRRYIEAQLDSFS--KGHGWFWWTWKTERGSPGWDLNDLLSNGLF 
Arthroderma_benhamiae_CBS_1123      EEKTNTRRYIEAQLDSFS--KGHGWFWWTWKTERGSPGWDLNDLLSNGLF 
Arthroderma_gypseum_CBS_118893      EEKVNTRRYIEAQLDSFS--KGHGWFWWTWKTQRGSPGWDLDDLLKNGLF 
Arthroderma_otae_CBS_113480         EEKANTRRYIEAQLDSFS--RGVGFFWWTWKTERGAPGWDLDDLIKNGVF 
Talaromyces_stipitatus_ATCC_10      DVRTNLRRFIEAQLDAYE--KHTGWVYWTWTTEG-APEWDMKRQLAANVF 
Penicillium_marneffei_ATCC_182      DTRTNLRRFIEAQLDAYE--KHTGWVYWTWTTEG-APEWDMKRQLAAGVF 
Penicillium_chrysogenum_Wiscon      EERSNLRRFIEAQLDAYE--KGNGWVYWTWKTEG-APEWDMQQQIAGGVF 
Aspergillus_fumigatus_Af293         QERTDTRRFIEAQLDAYE--GKNGWLFWTWKTEG-APGWDMQDLLANGVF 
Neosartorya_fischeri_NRRL_181       QERADTRRFIEAQLDAYE--GKNGWLFWTWKTEG-APGWDMQDLLANGVF 
_Aspergillus_clavatus               QERSDTRRFIEAQLDAYE--GKNGWLFWTWKTEG-APGWDMQDLLANGLF 
Aspergillus_clavatus_NRRL_1         QERSDTRRFIEAQLDAYE--GKNGWLFWTWKTEG-APGWDMQDLLANGLF 
Aspergillus_oryzae_RIB40            EERSDMRRFIEAQLDAFE--LKSGWVFWTWKTEG-APGWDMSDLLEAGVF 
Aspergillus_flavus_NRRL3357         EERSDMRRFIEAQLDAFE--LKSGWVFWTWKTEG-APGWDMSDLLEAGVF 
Aspergillus_niger_CBS_513.88        DEKANTRRYIEAQLEAYE--MKSGWLFWTWKTEG-APGWDMQDLLANQLF 
Aspergillus_terreus_NIH2624         DDQKNMRRFIEAQLDAWE--MKSGWLFWNWKTEQGAPGWDMKDLLDNGVF 
_Aspergillus_nidulans               DEIANTRRFIEAQLDAFE--LRNGWVFWTWKTEG-APGWDMQDLLANGVF 
Aspergillus_nidulans_FGSC_A4        DEIANTRRFIEAQLDAFE--LRNGWVFWTWKTEG-APGWDMQDLLANGVF 
2_Botryotinia_fuckeliana_B05.1      DFKTDMKNYLSAQLSSYET-KANGWIFWNFKTEG-AHEWDAAKLVEYDIF 
2_Sclerotinia_sclerotiorum_198      SFKTEMKNYLSAQLASFET-KANGWIFWNFKTES-AHEWDAFKLLDYGIF 
2_Pyrenophora_tritici-repentis      SYKDDSRRYIEAQIAAFEN-KAQGWFWWNFKTEG-AAEWDAFRLIDAGVF 
2_Pyrenophora_teres_f._teres_0      SYKDDSRRYIEAQISAFEN-KAQGWVWWNFKTEG-AAEWDALRLVDAGVF 
Cochliobolus_carbonum               SYKDDSRRYIEAQIRAFES-TTQGWFWWNFKTEG-AAEWDAFRLIDAGVF 
2_Phaeosphaeria_nodorum_SN15        TFKDNTARYIEAQIQAYES-KTQGWFWWNFKTEG-AAEWDAFRLIDAGVF 
2_Leptosphaeria_maculans            SYKDETRKYIEAQISAFEN-KTQGWFWWNFKTES-AAEWDAFDLIDAGVF 
Ustilago_maydis_521                 AYKNTLRRMFETQISVYER--ASGWVFWTWKTEQ-AADWDYQRGLRNGWI 
Sporisorium_reilianum               AYKSTLQKMFETQISVYER--ASGWIFWTWKTEQ-AADWDYQRGLRYGWI 
Agaricus_bisporus                   SYKRFLRQFWEAQATAYEQ--GQGWLQWTWKTEI-TDEWSYKAGLDNGWI 
Laccaria_bicolor_S238N-H82          SFKMFLRQFWEAQVQSYEK--AQGWIQWTWKTEI-ADEWSYQAGLANGWI 
Coprinopsis_cinerea_okayama7#1      SYKTFLRKFWEAQTITYEK--GQGWIQWTWKAEQ-ADDWSYQAGLENGWI 
Schizophyllum_commune_H4-8          EYKSRLRSFWEAQVISYEK--GAGWIMWTWKAEE-AHEWSYQAGLDFGWI 
                                              .:*   :      *:  * :. :     *          : 
 
1_Candida_albicans_SC5314           PQPVTDRQFPNQCGFH------- 
2_Candida_albicans_SC5314           PQPVTDRQFPNQCGFH------- 
3_Candida_albicans                  PQPVTDRQFPNQCGFH------- 
7_Candida_Albicans                  PQPVTDRQFPNQCGFH------- 
4_Candida_Albicans                  PQPVTDRQFPNQCGFH------- 
6_Candida_Albicans                  PQPVTDRQFPNQCGFH------- 
10_Candida_Albicans                 PQPVTDRQFPNQCGFH------- 
9_Candida_Albicans                  PQPVTDRQFPNQCGFH------- 
11_Candida_Albicans                 PQPVTDRQFPNQCGFH------- 
5_Candida_Albicans                  PQPVTDRQFPNQCGFH------- 
Candida_dubliniensis_CD36           PQPVTDRQFPNQCGFH------- 
Candida_tropicalis_MYA-3404         PQPLDDRQFPNQCGFN------- 
Lodderomyces_elongisporus_NRRL      PQPLTDRQYPNQCNFNS------ 
_Candida_oleophila                  PQPLNDRQYPNQCGY-------- 
Scheffersomyces_stipitis_CBS_6      PSPLTDRQFPNQCGF-------- 
Schwanniomyces_occidentalis         PYPFYNRQFPNQCGF-------- 
1_Meyerozyma_guilliermondii_AT      PSPVTERTYPNQCKF-------- 
Debaryomyces_hansenii_CBS767        PSPVTDRTYENQCGF-------- 
Clavispora_lusitaniae_ATCC_427      PQPLDSRQYPGQCQY-------- 
Wickerhamomyces_anomalus            PSPLNSRQYPGQCD--------- 
_Wickerhamomyces_anomalus           PSPLTSRQYPGQCD--------- 
Williopsis_saturnus                 PQPLDDRQYPNQCGF-------- 
2_Pichia_angusta_DL-1               PQPLDDRQYPNQCGFD------- 
Pichia_pastoris_GS115               PQPLDDRQYPNQCGF-------- 
Kluyveromyces_lactis_NRRL_Y-11      PQPLTNRQFPNQCSSTY------ 
gi|46395589|sp|Q875R9.1|EXG_SA      PQPVTDRQYPNQCGF-------- 
Ashbya_gossypii_ATCC_10895          PQPLEDRKYPNQCPF-------- 
1_Yarrowia_lipolytica               PFPYWDRQFPNQCGF-------- 
1_S.sclero                          PQPLTSRKYGKQCATSTCLIPGN 
1_Botryotinia_fuckeliana_B05.1      PQPLTSRKYGKQCATSACLIPGN 
bgh00086_mRNA                       PQPLDSRKVPSQCGTSQCLVPGN 
1_Pyrenophora_teres_f._teres_0      PQPLTARKYPGQCN--------- 
1_Pyrenophora_tritici-repentis      PQPLTARKYPGQCN--------- 
1_Leptosphaeria_maculans            PQPLTARKYPGQCG--------- 
1_Phaeosphaeria_nodorum_SN15        PQPLTSRKYPGQCGY-------- 
Tuber_melanosporum_Mel28            PQPITSREGMLFLATF------- 
14_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
19_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
18_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
13_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
11_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
17_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
6_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
10_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
8_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
12_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
_Paracoccidioides_brasiliensis      PQPIWARKYGGCR---------- 
3_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
7_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
21_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
20_Paracoccidioides_brasiliens      PQPIWARKYGGCR---------- 
9_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
1_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
2_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
4_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
5_Paracoccidioides_brasiliensi      PQPIWARKYGGCR---------- 
Paracoccidioides_brasiliensis_      PQPFSARKYGGCK---------- 
1_Ajellomyces_dermatitidis_ER-      PQPFRDRKYGGCK---------- 
2_Ajellomyces_dermatitidis_SLH      PQPFRDRKYGGCK---------- 
1_Ajellomyces_capsulatus_H88        PQPFTDRKYGGCK---------- 
Trichophyton_verrucosum_HKI_05      PQPLDSRMFPGQCN--------- 
Arthroderma_benhamiae_CBS_1123      PQPLDSRMFLGQCN--------- 
Arthroderma_gypseum_CBS_118893      PQPMDARMYPGQCN--------- 
Arthroderma_otae_CBS_113480         PNPIDTRTYPGQCH--------- 
Talaromyces_stipitatus_ATCC_10      PNPVSSRQFPGQC---------- 
Penicillium_marneffei_ATCC_182      PNPVTSRQFPRQC---------- 
Penicillium_chrysogenum_Wiscon      PNPVTSRQFPGQC---------- 
Aspergillus_fumigatus_Af293         PSPLTDRQFPNQCA--------- 
Neosartorya_fischeri_NRRL_181       PSPLTDRQFPNQCA--------- 
_Aspergillus_clavatus               PNPPTERQYGNQCA--------- 
Aspergillus_clavatus_NRRL_1         PNPPTERQYGNQCA--------- 
Aspergillus_oryzae_RIB40            PTSPDDREFPKQC---------- 
Aspergillus_flavus_NRRL3357         PTSPDDREFPKQC---------- 
Aspergillus_niger_CBS_513.88        PTSPTDRQYPHQCS--------- 
Aspergillus_terreus_NIH2624         PFPLESRKYPGQCG--------- 
_Aspergillus_nidulans               PQPLTDREFPNQCNF-------- 
Aspergillus_nidulans_FGSC_A4        PQPLTDREFPNQCNF-------- 
2_Botryotinia_fuckeliana_B05.1      PDLRAGTPAAICS---------- 
2_Sclerotinia_sclerotiorum_198      PTLAGGTPPAICS---------- 
2_Pyrenophora_tritici-repentis      PSISNGKVNYKFGGSC------- 
2_Pyrenophora_teres_f._teres_0      PSITNGKVNYKFGGSC------- 
Cochliobolus_carbonum               PAIRNGQVEYKFGAAC------- 
2_Phaeosphaeria_nodorum_SN15        PKIRNGQVQYKFGKLC------- 
2_Leptosphaeria_maculans            PAIKNGKVDYHFKTKC------- 
Ustilago_maydis_521                 TYNLDSRPNARC----------- 
Sporisorium_reilianum               TRNLNSRPNARC----------- 
Agaricus_bisporus                   PQNPTERQFPGICG--------- 
Laccaria_bicolor_S238N-H82          PQDPTNFIYPKICN--------- 
Coprinopsis_cinerea_okayama7#1      PKNPTDRQYPNICD--------- 
Schizophyllum_commune_H4-8          PWNPTDIQNRRICG--------- 







NCBI Generated Lineage Report for EST C00482 
Dikarya        [fungi] 
. saccharomyceta [ascomycetes] 
. . Pezizomycotina [ascomycetes] 
. . . leotiomyceta   [ascomycetes] 
. . . . Leotiomycetes  [ascomycetes] 
. . . . . Blumeria graminis (grass mildew) -----------------  886  2 hits [ascomycetes]     RecName: Full=Glucan 1,3-beta-glucosidase; AltName: Full=Ex 
. . . . . Sclerotinia sclerotiorum 1980 UF-70 ..............  591  4 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Sclerotinia sclerotiorum 1980] 
. . . . . Botryotinia fuckeliana B05.10 ....................  590  4 hits [ascomycetes]     hypothetical protein BC1G_01483 [Botryotinia fuckeliana B05 
. . . . Talaromyces stipitatus ATCC 10500 ------------------  452  2 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Talaromyces stipit 
. . . . Penicillium chrysogenum Wisconsin 54-1255 ..........  431  2 hits [ascomycetes]     Pc18g02600 [Penicillium chrysogenum Wisconsin 54-1255] >gi| 
. . . . Penicillium marneffei ATCC 18224 ...................  427  2 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Penicillium marnef 
. . . . Pyrenophora teres f. teres 0-1 .....................  426  2 hits [ascomycetes]     hypothetical protein PTT_14064 [Pyrenophora teres f. teres  
. . . . Pyrenophora tritici-repentis Pt-1C-BFP .............  423  4 hits [ascomycetes]     glucan 1,3-beta-glucosidase precursor [Pyrenophora tritici- 
. . . . Leptosphaeria maculans (blackleg of crucifers ...) .  420  2 hits [ascomycetes]     hypothetical protein [Leptosphaeria maculans] 
. . . . Ajellomyces dermatitidis SLH14081 ..................  409  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Ajellomyces dermatitidis SLH14 
. . . . Ajellomyces dermatitidis ER-3 ......................  409  1 hit  [ascomycetes]     glucan 1,3-beta-glucosidase [Ajellomyces dermatitidis ER-3] 
. . . . Phaeosphaeria nodorum SN15 .........................  405  4 hits [ascomycetes]     hypothetical protein SNOG_00606 [Phaeosphaeria nodorum SN15 
. . . . Aspergillus terreus NIH2624 ........................  405  3 hits [ascomycetes]     glucan 1,3-beta-glucosidase precursor [Aspergillus terreus  
. . . . Aspergillus fumigatus A1163 ........................  404  2 hits [ascomycetes]     RecName: Full=Probable glucan 1,3-beta-glucosidase A; AltNa 
. . . . Aspergillus fumigatus Af293 ........................  404  2 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1) [Aspergillus fumigatus Af293] 
. . . . Aspergillus fumigatus ..............................  404  1 hit  [ascomycetes]     exo-beta-1,3-glucanase (Exg1) [Aspergillus fumigatus Af293] 
. . . . Neosartorya fischeri NRRL 181 ......................  401  3 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Neosartorya fische 
. . . . Ajellomyces capsulatus H88 .........................  399  1 hit  [ascomycetes]     immunodominantigen Gp43 [Ajellomyces capsulatus H88] 
. . . . Ajellomyces capsulatus H143 ........................  399  1 hit  [ascomycetes]     immunodominantigen Gp43 [Ajellomyces capsulatus H143] 
. . . . Ajellomyces capsulatus NAm1 ........................  395  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Ajellomyces capsulatus NAm1] > 
. . . . Ajellomyces capsulatus G186AR ......................  395  1 hit  [ascomycetes]     glucan 1,3-beta-glucosidase precursor [Ajellomyces capsulat 
. . . . Emericella nidulans ................................  392  1 hit  [ascomycetes]     RecName: Full=Probable glucan 1,3-beta-glucosidase A; AltNa 
. . . . Aspergillus niger CBS 513.88 .......................  389  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase A [Aspergillus niger CBS 513.88 
. . . . Aspergillus niger ..................................  389  1 hit  [ascomycetes]     glucan 1,3-beta-glucosidase A [Aspergillus niger CBS 513.88 
. . . . Aspergillus nidulans FGSC A4 .......................  388  3 hits [ascomycetes]     hypothetical protein AN4052.2 [Aspergillus nidulans FGSC A4 
. . . . Paracoccidioides brasiliensis Pb01 .................  387  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Paracoccidioides brasiliensis  
. . . . Aspergillus oryzae RIB40 ...........................  387  1 hit  [ascomycetes]     glucan 1,3-beta-glucosidase A [Aspergillus oryzae RIB40] 
. . . . Aspergillus clavatus ...............................  387  1 hit  [ascomycetes]     RecName: Full=Probable glucan 1,3-beta-glucosidase A; AltNa 
. . . . Aspergillus flavus NRRL3357 ........................  387  3 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Aspergillus flavus 
. . . . Aspergillus oryzae .................................  387  3 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Aspergillus flavus 
. . . . Aspergillus clavatus NRRL 1 ........................  375  2 hits [ascomycetes]     exo-beta-1,3-glucanase (Exg1), putative [Aspergillus clavat 
. . . . Paracoccidioides brasiliensis ......................  362 33 hits [ascomycetes]     immunodominant antigen Gp43 [Paracoccidioides brasiliensis] 
. . . . Paracoccidioides brasiliensis Pb03 .................  360  1 hit  [ascomycetes]     immunodominant antigen Gp43 [Paracoccidioides brasiliensis] 
. . . . Paracoccidioides brasiliensis Pb18 .................  357  1 hit  [ascomycetes]     immunodominant antigen Gp43 [Paracoccidioides brasiliensis] 
. . . . Arthroderma otae CBS 113480 ........................  355  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Arthroderma otae CBS 113480] > 
. . . . Trichophyton verrucosum HKI 0517 ...................  351  2 hits [ascomycetes]     glucanase, putative [Trichophyton verrucosum HKI 0517] >gi| 
. . . . Cochliobolus carbonum ..............................  350  1 hit  [ascomycetes]     exo-1,3-beta-glucanase [Cochliobolus carbonum] 
. . . . Arthroderma benhamiae CBS 112371 ...................  346  2 hits [ascomycetes]     glucanase, putative [Arthroderma benhamiae CBS 112371] >gi| 
. . . . Arthroderma gypseum CBS 118893 .....................  344  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase [Arthroderma gypseum CBS 118893 
. . . Tuber melanosporum Mel28 -----------------------------  385  1 hit  [ascomycetes]     hypothetical protein [Tuber melanosporum Mel28] >gi|2956363 
. . . Tuber melanosporum (French truffle) ..................  385  1 hit  [ascomycetes]     hypothetical protein [Tuber melanosporum Mel28] >gi|2956363 
. . Candida oleophila --------------------------------------  393  2 hits [ascomycetes]     RecName: Full=Glucan 1,3-beta-glucosidase; AltName: Full=Ex 
. . Lodderomyces elongisporus NRRL YB-4239 .................  392  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase precursor [Lodderomyces elongis 
. . Debaryomyces hansenii CBS767 ...........................  386  1 hit  [ascomycetes]     DEHA2D08426p [Debaryomyces hansenii CBS767] >gi|199431552|e 
. . Debaryomyces hansenii ..................................  386  1 hit  [ascomycetes]     DEHA2D08426p [Debaryomyces hansenii CBS767] >gi|199431552|e 
. . Candida albicans SC5314 ................................  383  4 hits [ascomycetes]     hypothetical protein CaO19.10507 [Candida albicans SC5314]  
. . Candida albicans WO-1 ..................................  383  1 hit  [ascomycetes]     hypothetical protein CaO19.10507 [Candida albicans SC5314]  
. . Candida albicans .......................................  382 12 hits [ascomycetes]     hypothetical protein CaO19.2990 [Candida albicans SC5314] > 
. . Candida tropicalis MYA-3404 ............................  380  2 hits [ascomycetes]     glucan 1,3-beta-glucosidase precursor [Candida tropicalis M 
. . Clavispora lusitaniae ATCC 42720 .......................  379  2 hits [ascomycetes]     hypothetical protein CLUG_04461 [Clavispora lusitaniae ATCC 
. . Scheffersomyces stipitis CBS 6054 ......................  379  2 hits [ascomycetes]     Glucan 1,3-beta-glucosidase precursor (Exo-1,3-beta-glucana 
. . Wickerhamomyces anomalus ...............................  378  3 hits [ascomycetes]     exo-beta-1,3-glucanase [Wickerhamomyces anomalus] 
. . Pichia angusta DL-1 ....................................  377  1 hit  [ascomycetes]     Glucan 1,3-beta-glucosidase [Pichia angusta DL-1] 
. . Candida dubliniensis CD36 ..............................  377  2 hits [ascomycetes]     exo-1,3-beta-glucanase I/II, putative; glucan 1,3-beta-gluc 
. . Pichia angusta .........................................  377  2 hits [ascomycetes]     RecName: Full=Glucan 1,3-beta-glucosidase; AltName: Full=Ex 
. . Pichia pastoris GS115 ..................................  364  2 hits [ascomycetes]     Major exo-1,3-beta-glucanase of the cell wall, involved in  
. . Pichia pastoris ........................................  364  1 hit  [ascomycetes]     Major exo-1,3-beta-glucanase of the cell wall, involved in  
. . Yarrowia lipolytica CLIB122 ............................  361  1 hit  [ascomycetes]     YALI0F05390p [Yarrowia lipolytica] >gi|54040782|sp|Q12725.2 
. . Yarrowia lipolytica ....................................  361  3 hits [ascomycetes]     YALI0F05390p [Yarrowia lipolytica] >gi|54040782|sp|Q12725.2 
. . Schwanniomyces occidentalis ............................  360  2 hits [ascomycetes]     RecName: Full=Glucan 1,3-beta-glucosidase; AltName: Full=Ex 
. . Williopsis saturnus ....................................  360  1 hit  [ascomycetes]     exo-beta-1,3-glucanase [Williopsis saturnus] 
. . Ashbya gossypii ATCC 10895 .............................  347  2 hits [ascomycetes]     AAR146Wp [Ashbya gossypii ATCC 10895] >gi|44980592|gb|AAS50 
. . Kluyveromyces lactis NRRL Y-1140 .......................  347  1 hit  [ascomycetes]     hypothetical protein [Kluyveromyces lactis NRRL Y-1140] >gi 
. . Kluyveromyces lactis ...................................  347  3 hits [ascomycetes]     hypothetical protein [Kluyveromyces lactis NRRL Y-1140] >gi 
. . Lachancea kluyveri .....................................  346  2 hits [ascomycetes]     RecName: Full=Glucan 1,3-beta-glucosidase; AltName: Full=Ex 
. . Meyerozyma guilliermondii ATCC 6260 ....................  344  2 hits [ascomycetes]     hypothetical protein PGUG_04742 [Meyerozyma guilliermondii  
. . Meyerozyma guilliermondii ..............................  343  2 hits [ascomycetes]     hypothetical protein PGUG_04742 [Pichia guilliermondii ATCC 
. Ustilago maydis 521 --------------------------------------  355  2 hits [basidiomycetes]  hypothetical protein UM00235.1 [Ustilago maydis 521] >gi|46 
. Agaricus bisporus (common mushroom) ......................  350  1 hit  [basidiomycetes]  exo-1,3-beta-glucanase [Agaricus bisporus] 
. Coprinopsis cinerea okayama7#130 .........................  348  2 hits [basidiomycetes]  exo-beta-1,3-glucanase [Coprinopsis cinerea okayama7#130] > 
. Sporisorium reilianum ....................................  345  1 hit  [basidiomycetes]  probable EXG1-exo-beta-1,3-glucanase (I/II), major isoform  
. Schizophyllum commune H4-8 ...............................  345  2 hits [basidiomycetes]  glycoside hydrolase family 5 protein [Schizophyllum commune 
. Laccaria bicolor S238N-H82 ...............................  342  2 hits [basidiomycetes]  glycoside hydrolase family 5 protein [Laccaria bicolor S238 
 
Organism Report  
  Blumeria graminis (grass mildew) [ascomycetes] taxid 34373 
 sp|Q96V64.1|EXG_BLUGR RecName: Full=Glucan 1,3-beta-glucos...     886  0.0 
 gb|AAL26905.1|AF317734_1 1,3-beta glucanase [Blumeria gram...     886  0.0 
 
  Sclerotinia sclerotiorum 1980 UF-70 [ascomycetes] taxid 665079 
 ref|XP_001593115.1| glucan 1,3-beta-glucosidase [Sclerotin...     591  9e-167 
 gb|EDO03556.1| glucan 1,3-beta-glucosidase [Sclerotinia sc...     591  9e-167 
 ref|XP_001592853.1| hypothetical protein SS1G_05775 [Scler...     362  4e-98 
 gb|EDO03294.1| hypothetical protein SS1G_05775 [Sclerotini...     362  4e-98 
 
  Botryotinia fuckeliana B05.10 [ascomycetes] taxid 332648 
 ref|XP_001559924.1| hypothetical protein BC1G_01483 [Botry...     590  1e-166 
 gb|EDN27213.1| hypothetical protein BC1G_01483 [Botryotini...     590  1e-166 
 ref|XP_001549070.1| hypothetical protein BC1G_12478 [Botry...     370  3e-100 
 gb|EDN18198.1| hypothetical protein BC1G_12478 [Botryotini...     370  3e-100 
 
  Talaromyces stipitatus ATCC 10500 [ascomycetes] taxid 441959 
 ref|XP_002483905.1| exo-beta-1,3-glucanase (Exg1), putativ...     452  4e-125 
 gb|EED16671.1| exo-beta-1,3-glucanase (Exg1), putative [Ta...     452  4e-125 
 
  Penicillium chrysogenum Wisconsin 54-1255 [ascomycetes] taxid 500485 
 ref|XP_002562102.1| Pc18g02600 [Penicillium chrysogenum Wi...     431  8e-119 
 emb|CAP94484.1| Pc18g02600 [Penicillium chrysogenum Wiscon...     431  8e-119 
 
  Penicillium marneffei ATCC 18224 [ascomycetes] taxid 441960 
 ref|XP_002150356.1| exo-beta-1,3-glucanase (Exg1), putativ...     427  2e-117 
 gb|EEA21747.1| exo-beta-1,3-glucanase (Exg1), putative [Pe...     427  2e-117 
 
  Pyrenophora teres f. teres 0-1 [ascomycetes] taxid 861557 
 gb|EFQ89593.1| hypothetical protein PTT_14064 [Pyrenophora...     426  4e-117 
 gb|EFQ88562.1| hypothetical protein PTT_15505 [Pyrenophora...     352  5e-95 
   Pyrenophora tritici-repentis Pt-1C-BFP [ascomycetes] taxid 426418 
 ref|XP_001941009.1| glucan 1,3-beta-glucosidase precursor ...     423  3e-116 
 gb|EDU43728.1| glucan 1,3-beta-glucosidase precursor [Pyre...     423  3e-116 
 ref|XP_001934893.1| glucan 1,3-beta-glucosidase precursor ...     353  2e-95 
 gb|EDU47467.1| glucan 1,3-beta-glucosidase precursor [Pyre...     353  2e-95 
 
  Leptosphaeria maculans (blackleg of crucifers fungus, ...) [ascomycetes] taxid 5022 
 emb|CBX91472.1| hypothetical protein [Leptosphaeria maculans]     420  3e-115 
 emb|CBX97550.1| hypothetical protein [Leptosphaeria maculans]     341  1e-91 
 
  Ajellomyces dermatitidis SLH14081 [ascomycetes] taxid 559298 
 ref|XP_002624761.1| glucan 1,3-beta-glucosidase [Ajellomyc...     409  4e-112 
 gb|EEQ78587.1| glucan 1,3-beta-glucosidase [Ajellomyces de...     409  4e-112 
 
  Ajellomyces dermatitidis ER-3 [ascomycetes] taxid 559297 
 gb|EEQ86572.1| glucan 1,3-beta-glucosidase [Ajellomyces de...     409  4e-112 
 
  Phaeosphaeria nodorum SN15 [ascomycetes] taxid 321614 
 ref|XP_001791287.1| hypothetical protein SNOG_00606 [Phaeo...     405  5e-111 
 gb|EAT92101.1| hypothetical protein SNOG_00606 [Phaeosphae...     405  5e-111 
 ref|XP_001804464.1| hypothetical protein SNOG_14269 [Phaeo...     346  4e-93 
 gb|EAT78506.2| hypothetical protein SNOG_14269 [Phaeosphae...     346  4e-93 
 
  Aspergillus terreus NIH2624 [ascomycetes] taxid 341663 
 ref|XP_001213027.1| glucan 1,3-beta-glucosidase precursor ...     405  7e-111 
 sp|Q0CR35.1|EXGA_ASPTN RecName: Full=Probable glucan 1,3-b...     405  7e-111 
 gb|EAU35651.1| glucan 1,3-beta-glucosidase precursor [Aspe...     405  7e-111 
 
  Aspergillus fumigatus A1163 [ascomycetes] taxid 451804 
 sp|B0XN12.1|EXGA_ASPFC RecName: Full=Probable glucan 1,3-b...     404  1e-110 
 gb|EDP55704.1| exo-beta-1,3-glucanase (Exg1), putative [As...     404  1e-110 
 
  Aspergillus fumigatus Af293 [ascomycetes] taxid 330879 
 ref|XP_750110.1| exo-beta-1,3-glucanase (Exg1) [Aspergillu...     404  2e-110 
 gb|EAL88072.1| exo-beta-1,3-glucanase (Exg1), putative [As...     404  2e-110 
 
  Aspergillus fumigatus [ascomycetes] taxid 5085 
 sp|Q4WK60.1|EXGA_ASPFU RecName: Full=Probable glucan 1,3-b...     404  2e-110 
 
  Neosartorya fischeri NRRL 181 [ascomycetes] taxid 331117 
 ref|XP_001265295.1| exo-beta-1,3-glucanase (Exg1), putativ...     401  9e-110 
 sp|A1D4Q5.1|EXGA_NEOFI RecName: Full=Probable glucan 1,3-b...     401  9e-110 
 gb|EAW23398.1| exo-beta-1,3-glucanase (Exg1), putative [Ne...     401  9e-110 
 
  Ajellomyces capsulatus H88 [ascomycetes] taxid 544711 
 gb|EGC46035.1| immunodominantigen Gp43 [Ajellomyces capsul...     399  3e-109 
 
  Ajellomyces capsulatus H143 [ascomycetes] taxid 544712 
 gb|EER43103.1| immunodominantigen Gp43 [Ajellomyces capsul...     399  4e-109 
 
  Ajellomyces capsulatus NAm1 [ascomycetes] taxid 339724 
 ref|XP_001540744.1| glucan 1,3-beta-glucosidase [Ajellomyc...     395  6e-108 
 gb|EDN08074.1| glucan 1,3-beta-glucosidase [Ajellomyces ca...     395  6e-108 
 
  Ajellomyces capsulatus G186AR [ascomycetes] taxid 447093 
 gb|EEH11064.1| glucan 1,3-beta-glucosidase precursor [Ajel...     395  6e-108 
 
  Candida oleophila [ascomycetes] taxid 45573 
 sp|Q8NKF9.1|EXG_CANOL RecName: Full=Glucan 1,3-beta-glucos...     393  3e-107 
 gb|AAM21469.1| 1,3-beta-glucanase [Candida oleophila]             393  3e-107 
 
  Lodderomyces elongisporus NRRL YB-4239 [ascomycetes] taxid 379508 
 ref|XP_001526673.1| glucan 1,3-beta-glucosidase precursor ...     392  6e-107 
 gb|EDK43323.1| glucan 1,3-beta-glucosidase precursor [Lodd...     392  6e-107 
 
  Emericella nidulans [ascomycetes] taxid 162425 
 sp|Q5B5X8.2|EXGA_EMENI RecName: Full=Probable glucan 1,3-b...     392  6e-107 
 
  Aspergillus niger CBS 513.88 [ascomycetes] taxid 425011 
 ref|XP_001398868.1| glucan 1,3-beta-glucosidase A [Aspergi...     389  5e-106 
 sp|A2RAR6.1|EXGA_ASPNC RecName: Full=Probable glucan 1,3-b...     389  5e-106 
 
  Aspergillus niger [ascomycetes] taxid 5061 
 emb|CAK43212.1| unnamed protein product [Aspergillus niger]       389  5e-106 
 
  Aspergillus nidulans FGSC A4 [ascomycetes] taxid 227321 
 ref|XP_661656.1| hypothetical protein AN4052.2 [Aspergillu...     388  8e-106 
 gb|EAA59523.1| hypothetical protein AN4052.2 [Aspergillus ...     388  8e-106 
 tpe|CBF74803.1| TPA: beta-1,3-exoglucosidase (Eurofung) [A...     388  8e-106 
 
  Paracoccidioides brasiliensis Pb01 [ascomycetes] taxid 502779 
 ref|XP_002792488.1| glucan 1,3-beta-glucosidase [Paracocci...     387  1e-105 
 gb|EEH34724.1| glucan 1,3-beta-glucosidase [Paracoccidioid...     387  1e-105 
 
  Aspergillus oryzae RIB40 [ascomycetes] taxid 510516 
 ref|XP_001820101.2| glucan 1,3-beta-glucosidase A [Aspergi...     387  2e-105 
 
  Aspergillus clavatus [ascomycetes] taxid 5057 
 sp|A1CRV0.2|EXGA_ASPCL RecName: Full=Probable glucan 1,3-b...     387  2e-105 
 
  Aspergillus flavus NRRL3357 [ascomycetes] taxid 332952 
 ref|XP_002374336.1| exo-beta-1,3-glucanase (Exg1), putativ...     387  2e-105 
 sp|B8N151.1|EXGA_ASPFN RecName: Full=Probable glucan 1,3-b...     387  2e-105 
 gb|EED55554.1| exo-beta-1,3-glucanase (Exg1), putative [As...     387  2e-105 
 
  Aspergillus oryzae [ascomycetes] taxid 5062 
 sp|Q7Z9L3.1|EXGA_ASPOR RecName: Full=Glucan 1,3-beta-gluco...     387  2e-105 
 emb|CAD97460.1| exo-1,3-beta-glucanase [Aspergillus oryzae]       387  2e-105 
 dbj|BAE58099.1| unnamed protein product [Aspergillus oryzae]      387  2e-105 
 
  Debaryomyces hansenii CBS767 [ascomycetes] taxid 284592 
 ref|XP_458827.2| DEHA2D08426p [Debaryomyces hansenii CBS767]      386  3e-105 
 
  Debaryomyces hansenii [ascomycetes] taxid 4959 
 emb|CAG86973.2| DEHA2D08426p [Debaryomyces hansenii]              386  3e-105 
 
  Tuber melanosporum Mel28 [ascomycetes] taxid 656061 
 ref|XP_002840150.1| hypothetical protein [Tuber melanospor...     385  8e-105 
 
  Tuber melanosporum (French truffle, ...) [ascomycetes] taxid 39416 
 emb|CAZ84341.1| unnamed protein product [Tuber melanosporum]      385  8e-105 
   Candida albicans SC5314 [ascomycetes] taxid 237561 
 ref|XP_721216.1| hypothetical protein CaO19.10507 [Candida...     383  3e-104 
 gb|EAL02409.1| hypothetical protein CaO19.10507 [Candida a...     383  3e-104 
 ref|XP_721488.1| hypothetical protein CaO19.2990 [Candida ...     382  4e-104 
 gb|EAL02690.1| hypothetical protein CaO19.2990 [Candida al...     382  4e-104 
 
  Candida albicans WO-1 [ascomycetes] taxid 294748 
 gb|EEQ42862.1| glucan 1,3-beta-glucosidase precursor [Cand...     383  3e-104 
 
  Candida albicans [ascomycetes] taxid 5476 
 sp|P29717.4|EXG_CANAL RecName: Full=Glucan 1,3-beta-glucos...     382  4e-104 
 emb|CAA39908.1| glucan 1,3-beta-glucosidase [Candida albic...     382  4e-104 
 emb|CAA21969.1| beta-gluconase [Candida albicans]                 382  5e-104 
 pdb|2PB1|A Chain A, Exo-B-(1,3)-Glucanase From Candida Alb...     382  6e-104 
 pdb|1CZ1|A Chain A, Exo-B-(1,3)-Glucanase From Candida Alb...     382  7e-104 
 pdb|1EQC|A Chain A, Exo-B-(1,3)-Glucanase From Candida Alb...     382  7e-104 
 pdb|2PC8|A Chain A, E292q Mutant Of Exo-B-(1,3)-Glucanase ...     381  1e-103 
 pdb|2PBO|A Chain A, E27q Mutant Of Exo-B-(1,3)-Glucanase F...     381  1e-103 
 pdb|1EQP|A Chain A, Exo-B-(1,3)-Glucanase From Candida Alb...     380  2e-103 
 pdb|3O6A|A Chain A, F144yF258Y DOUBLE MUTANT OF EXO-Beta-1...     380  3e-103 
 pdb|2PF0|A Chain A, F258i Mutant Of Exo-B-(1,3)-Glucanase ...     379  3e-103 
 pdb|3N9K|A Chain A, F229aE292S DOUBLE MUTANT OF EXO-Beta-1...     377  2e-102 
 
  Candida tropicalis MYA-3404 [ascomycetes] taxid 294747 
 ref|XP_002550037.1| glucan 1,3-beta-glucosidase precursor ...     380  1e-103 
 gb|EER31552.1| glucan 1,3-beta-glucosidase precursor [Cand...     380  1e-103 
 
  Clavispora lusitaniae ATCC 42720 [ascomycetes] taxid 306902 
 ref|XP_002615579.1| hypothetical protein CLUG_04461 [Clavi...     379  4e-103 
 gb|EEQ40333.1| hypothetical protein CLUG_04461 [Clavispora...     379  4e-103 
 
  Scheffersomyces stipitis CBS 6054 [ascomycetes] taxid 322104 
 ref|XP_001385760.2| Glucan 1,3-beta-glucosidase precursor ...     379  7e-103 
 gb|ABN67731.2| Glucan 1,3-beta-glucosidase precursor (Exo-...     379  7e-103 
 
  Wickerhamomyces anomalus [ascomycetes] taxid 4927 
 gb|ABK40520.1| exo-beta-1,3-glucanase [Wickerhamomyces ano...     378  9e-103 
 sp|O93983.1|EXG2_HANAN RecName: Full=Glucan 1,3-beta-gluco...     377  1e-102 
 emb|CAA11018.1| exo-beta-1,3-glucanase [Wickerhamomyces an...     377  1e-102 
 
  Pichia angusta DL-1 [ascomycetes] taxid 871575 
 gb|EFW94957.1| Glucan 1,3-beta-glucosidase [Pichia angusta...     377  1e-102 
 
  Candida dubliniensis CD36 [ascomycetes] taxid 573826 
 ref|XP_002416951.1| exo-1,3-beta-glucanase I/II, putative;...     377  1e-102 
 emb|CAX44539.1| exo-1,3-beta-glucanase I/II, putative [Can...     377  1e-102 
 
  Pichia angusta [ascomycetes] taxid 4905 
 sp|Q12626.1|EXG_PICAN RecName: Full=Glucan 1,3-beta-glucos...     377  2e-102 
 emb|CAA86948.1| exo-1,3-beta-glucanase/1,3-beta-D-glucan g...     377  2e-102 
 
  Aspergillus clavatus NRRL 1 [ascomycetes] taxid 344612 
 ref|XP_001269797.1| exo-beta-1,3-glucanase (Exg1), putativ...     375  7e-102 
 gb|EAW08371.1| exo-beta-1,3-glucanase (Exg1), putative [As...     375  7e-102 
 
  Pichia pastoris GS115 [ascomycetes] taxid 644223 
 ref|XP_002491361.1| Major exo-1,3-beta-glucanase of the ce...     364  1e-98 
 emb|CAY69081.1| Major exo-1,3-beta-glucanase of the cell w...     364  1e-98 
 
  Pichia pastoris [ascomycetes] taxid 4922 
 gb|AAY28969.1| exo-beta-1,3-glucanase [Pichia pastoris]           364  1e-98 
 
  Paracoccidioides brasiliensis [ascomycetes] taxid 121759 
 gb|AAG36689.1| immunodominant antigen Gp43 [Paracoccidioid...     362  8e-98 
 gb|AAG36670.1| immunodominant antigen Gp43 [Paracoccidioid...     360  2e-97 
 gb|AAG36671.1| immunodominant antigen Gp43 [Paracoccidioid...     360  2e-97 
 gb|AAC49253.2| 43 kDa secreted glycoprotein precursor [Par...     358  9e-97 
 gb|AAG36698.1| immunodominant antigen Gp43 [Paracoccidioid...     358  9e-97 
 gb|AAG36668.1| immunodominant antigen Gp43 [Paracoccidioid...     358  1e-96 
 gb|AAG36669.1| immunodominant antigen Gp43 [Paracoccidioid...     357  1e-96 
 gb|AAG36677.1| immunodominant antigen Gp43 [Paracoccidioid...     357  1e-96 
 gb|AAG36682.1| immunodominant antigen Gp43 [Paracoccidioid...     357  1e-96 
 gb|AAG36683.1| immunodominant antigen Gp43 [Paracoccidioid...     357  1e-96 
 gb|AAG36694.1| immunodominant antigen Gp43 [Paracoccidioid...     357  1e-96 
 gb|AAG36680.1| immunodominant antigen Gp43 [Paracoccidioid...     357  2e-96 
 gb|AAG36695.1| immunodominant antigen Gp43 [Paracoccidioid...     357  2e-96 
 gb|AAG36678.1| immunodominant antigen Gp43 [Paracoccidioid...     357  2e-96 
 gb|AAG36674.1| immunodominant antigen Gp43 [Paracoccidioid...     357  3e-96 
 gb|AAG36681.1| immunodominant antigen Gp43 [Paracoccidioid...     355  6e-96 
 gb|AAG36675.1| immunodominant antigen Gp43 [Paracoccidioid...     355  8e-96 
 gb|AAG36672.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36679.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36684.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36687.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36688.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36690.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36696.1| immunodominant antigen Gp43 [Paracoccidioid...     355  9e-96 
 gb|AAG36676.1| truncated immunodominant antigen Gp43 [Para...     355  1e-95 
 gb|AAG36685.1| immunodominant antigen Gp43 [Paracoccidioid...     354  1e-95 
 gb|AAG36686.1| immunodominant antigen Gp43 [Paracoccidioid...     354  1e-95 
 gb|AAG36673.1| immunodominant antigen Gp43 [Paracoccidioid...     354  1e-95 
 gb|AAG36691.1| immunodominant antigen Gp43 [Paracoccidioid...     353  3e-95 
 gb|AAG36697.1| immunodominant antigen Gp43 [Paracoccidioid...     353  3e-95 
 gb|AAG36693.1| immunodominant antigen Gp43 [Paracoccidioid...     353  4e-95 
 gb|AAG36692.1| immunodominant antigen Gp43 [Paracoccidioid...     352  6e-95 
 prf||2208385A glycoprotein gp43                                   346  4e-93 
 
  Yarrowia lipolytica CLIB122 [ascomycetes] taxid 284591 
 ref|XP_505030.1| YALI0F05390p [Yarrowia lipolytica]               361  1e-97 
 
  Yarrowia lipolytica [ascomycetes] taxid 4952 
 sp|Q12725.2|EXG_YARLI RecName: Full=Glucan 1,3-beta-glucos...     361  1e-97 
 emb|CAG77837.1| YALI0F05390p [Yarrowia lipolytica]                361  1e-97 
 emb|CAA86952.1| exo-1,3-beta-glucanase/1,3-beta-D-glucan g...     359  6e-97 
 
  Schwanniomyces occidentalis [ascomycetes] taxid 27300 
 sp|Q12700.1|EXG_DEBOC RecName: Full=Glucan 1,3-beta-glucos...     360  2e-97 
 emb|CAA86951.1| exo-1,3-beta-glucanase/1,3-beta-D-Glucan g...     360  2e-97 
 
  Paracoccidioides brasiliensis Pb03 [ascomycetes] taxid 482561 
 gb|EEH16253.1| glucan 1,3-beta-glucosidase [Paracoccidioid...     360  2e-97 
   Williopsis saturnus [ascomycetes] taxid 4906 
 gb|ACP74152.2| exo-beta-1,3-glucanase [Williopsis saturnus]       360  3e-97 
 
  Paracoccidioides brasiliensis Pb18 [ascomycetes] taxid 502780 
 gb|EEH42795.1| glucan 1,3-beta-glucosidase [Paracoccidioid...     357  1e-96 
 
  Arthroderma otae CBS 113480 [ascomycetes] taxid 554155 
 ref|XP_002846005.1| glucan 1,3-beta-glucosidase [Arthroder...     355  5e-96 
 gb|EEQ33055.1| glucan 1,3-beta-glucosidase [Arthroderma ot...     355  5e-96 
 
  Ustilago maydis 521 [basidiomycetes] taxid 237631 
 ref|XP_756382.1| hypothetical protein UM00235.1 [Ustilago ...     355  6e-96 
 gb|EAK81052.1| hypothetical protein UM00235.1 [Ustilago ma...     355  6e-96 
 
  Trichophyton verrucosum HKI 0517 [ascomycetes] taxid 663202 
 ref|XP_003021818.1| glucanase, putative [Trichophyton verr...     351  1e-94 
 gb|EFE41200.1| glucanase, putative [Trichophyton verrucosu...     351  1e-94 
 
  Cochliobolus carbonum [ascomycetes] taxid 5017 
 gb|AAF65310.1|AF229446_1 exo-1,3-beta-glucanase [Cochliobo...     350  2e-94 
 
  Agaricus bisporus (common mushroom, ...) [basidiomycetes] taxid 5341 
 emb|CAA63536.1| exo-1,3-beta-glucanase [Agaricus bisporus]        350  2e-94 
 
  Coprinopsis cinerea okayama7#130 [basidiomycetes] taxid 240176 
 ref|XP_001829226.1| exo-beta-1,3-glucanase [Coprinopsis ci...     348  7e-94 
 gb|EAU92552.1| exo-beta-1,3-glucanase [Coprinopsis cinerea...     348  7e-94 
 
  Ashbya gossypii ATCC 10895 [ascomycetes] taxid 284811 
 ref|NP_982689.1| AAR146Wp [Ashbya gossypii ATCC 10895]            347  1e-93 
 gb|AAS50513.1| AAR146Wp [Ashbya gossypii ATCC 10895]              347  1e-93 
 
  Kluyveromyces lactis NRRL Y-1140 [ascomycetes] taxid 284590 
 ref|XP_452437.1| hypothetical protein [Kluyveromyces lacti...     347  2e-93 
 
  Kluyveromyces lactis [ascomycetes] taxid 28985 
 sp|Q12628.1|EXG_KLULA RecName: Full=Glucan 1,3-beta-glucos...     347  2e-93 
 emb|CAA86949.1| exo-1,3-beta-glucanase/1,3-beta-D-Glucan g...     347  2e-93 
 emb|CAH01288.1| KLLA0C05324p [Kluyveromyces lactis]               347  2e-93 
 
  Arthroderma benhamiae CBS 112371 [ascomycetes] taxid 663331 
 ref|XP_003017585.1| glucanase, putative [Arthroderma benha...     346  3e-93 
 gb|EFE36940.1| glucanase, putative [Arthroderma benhamiae ...     346  3e-93 
 
  Lachancea kluyveri [ascomycetes] taxid 4934 
 sp|Q875R9.1|EXG_SACKL RecName: Full=Glucan 1,3-beta-glucos...     346  5e-93 
 gb|AAO32563.1| EXG1 [Lachancea kluyveri]                          346  5e-93 
 
  Sporisorium reilianum [basidiomycetes] taxid 72558 
 emb|CBQ67637.1| probable EXG1-exo-beta-1,3-glucanase (I/II...     345  7e-93 
 
  Schizophyllum commune H4-8 [basidiomycetes] taxid 578458 
 ref|XP_003037324.1| glycoside hydrolase family 5 protein [...     345  1e-92 
 gb|EFJ02422.1| glycoside hydrolase family 5 protein [Schiz...     345  1e-92 
 
  Meyerozyma guilliermondii ATCC 6260 [ascomycetes] taxid 294746 
 ref|XP_001482787.1| hypothetical protein PGUG_04742 [Meyer...     344  1e-92 
 gb|EDK40644.2| hypothetical protein PGUG_04742 [Pichia gui...     343  3e-92 
 
  Arthroderma gypseum CBS 118893 [ascomycetes] taxid 535722 
 ref|XP_003171558.1| glucan 1,3-beta-glucosidase [Arthroder...     344  1e-92 
 gb|EFR03104.1| glucan 1,3-beta-glucosidase [Arthroderma gy...     344  1e-92 
 
  Meyerozyma guilliermondii [ascomycetes] taxid 4929 
 gb|ACN18104.1| exo-1,3-beta glucanase [Meyerozyma guillier...     343  3e-92 
 gb|ADV90770.1| exo-1,3-beta-glucanase [Meyerozyma guillier...     343  3e-92 
 
  Laccaria bicolor S238N-H82 [basidiomycetes] taxid 486041 
 ref|XP_001874040.1| glycoside hydrolase family 5 protein [...     342  5e-92 
 gb|EDR15832.1| glycoside hydrolase family 5 protein [Lacca...     342  5e-92 
 
 
Taxonomy Report  
Dikarya ...................................................   181 hits   73 orgs [root; cellular organisms; Eukaryota; Fungi/Metazoa group; Fungi] 
. saccharomyceta ..........................................   171 hits   67 orgs [Ascomycota] 
. . Pezizomycotina ........................................   112 hits   41 orgs  
. . . leotiomyceta ........................................   110 hits   39 orgs  
. . . . Leotiomycetes .....................................    10 hits    3 orgs [sordariomyceta] 
. . . . . Blumeria graminis ...............................     2 hits    1 orgs [Erysiphales; Erysiphaceae; Blumeria] 
. . . . . Sclerotiniaceae .................................     8 hits    2 orgs [Helotiales] 
. . . . . . Sclerotinia sclerotiorum 1980 UF-70 ...........     4 hits    1 orgs [Sclerotinia; Sclerotinia sclerotiorum] 
. . . . . . Botryotinia fuckeliana B05.10 .................     4 hits    1 orgs [Botryotinia; Botryotinia fuckeliana] 
. . . . Eurotiomycetidae ..................................    87 hits   31 orgs [Eurotiomycetes] 
. . . . . Trichocomaceae ..................................    34 hits   17 orgs [Eurotiales] 
. . . . . . Talaromyces stipitatus ATCC 10500 .............     2 hits    1 orgs [Talaromyces; Talaromyces stipitatus] 
. . . . . . mitosporic Trichocomaceae .....................    20 hits   10 orgs  
. . . . . . . Penicillium .................................     4 hits    2 orgs  
. . . . . . . . Penicillium chrysogenum Wisconsin 54-1255 .     2 hits    1 orgs [Penicillium chrysogenum complex; Penicillium chrysogenum] 
. . . . . . . . Penicillium marneffei ATCC 18224 ..........     2 hits    1 orgs [Penicillium marneffei] 
. . . . . . . Aspergillus .................................    16 hits    8 orgs  
. . . . . . . . Aspergillus terreus NIH2624 ...............     3 hits    1 orgs [Aspergillus terreus] 
. . . . . . . . Aspergillus niger .........................     3 hits    2 orgs  
. . . . . . . . . Aspergillus niger CBS 513.88 ............     2 hits    1 orgs  
. . . . . . . . Aspergillus oryzae ........................     4 hits    2 orgs  
. . . . . . . . . Aspergillus oryzae RIB40 ................     1 hits    1 orgs  
. . . . . . . . Aspergillus clavatus ......................     3 hits    2 orgs  
. . . . . . . . . Aspergillus clavatus NRRL 1 .............     2 hits    1 orgs  
. . . . . . . . Aspergillus flavus NRRL3357 ...............     3 hits    1 orgs [Aspergillus flavus] 
. . . . . . Neosartorya ...................................     8 hits    4 orgs  
. . . . . . . Neosartorya fumigata ........................     5 hits    3 orgs  
. . . . . . . . Aspergillus fumigatus .....................     5 hits    3 orgs  
. . . . . . . . . Aspergillus fumigatus A1163 .............     2 hits    1 orgs  
. . . . . . . . . Aspergillus fumigatus Af293 .............     2 hits    1 orgs  
. . . . . . . Neosartorya fischeri NRRL 181 ...............     3 hits    1 orgs [Neosartorya fischeri group; Neosartorya fischeri] 
. . . . . . Emericella nidulans ...........................     4 hits    2 orgs [Emericella] 
. . . . . . . Aspergillus nidulans FGSC A4 ................     3 hits    1 orgs [mitosporic Emericella nidulans] 
. . . . . Onygenales ......................................    53 hits   14 orgs  
. . . . . . Ajellomyces ...................................     8 hits    6 orgs [Ajellomycetaceae] 
. . . . . . . Ajellomyces dermatitidis ....................     3 hits    2 orgs  
. . . . . . . . Ajellomyces dermatitidis SLH14081 .........     2 hits    1 orgs  
. . . . . . . . Ajellomyces dermatitidis ER-3 .............     1 hits    1 orgs  
. . . . . . . Ajellomyces capsulatus ......................     5 hits    4 orgs  
. . . . . . . . Ajellomyces capsulatus H88 ................     1 hits    1 orgs  
. . . . . . . . Ajellomyces capsulatus H143 ...............     1 hits    1 orgs  
. . . . . . . . Ajellomyces capsulatus NAm1 ...............     2 hits    1 orgs  
. . . . . . . . Ajellomyces capsulatus G186AR .............     1 hits    1 orgs  
. . . . . . Paracoccidioides ..............................    37 hits    4 orgs [mitosporic Onygenales] 
. . . . . . . Paracoccidioides brasiliensis ...............    37 hits    4 orgs  
. . . . . . . . Paracoccidioides brasiliensis Pb01 ........     2 hits    1 orgs  
. . . . . . . . Paracoccidioides brasiliensis Pb03 ........     1 hits    1 orgs  
. . . . . . . . Paracoccidioides brasiliensis Pb18 ........     1 hits    1 orgs  
. . . . . . Arthrodermataceae .............................     8 hits    4 orgs  
. . . . . . . Arthroderma .................................     6 hits    3 orgs  
. . . . . . . . Arthroderma otae CBS 113480 ...............     2 hits    1 orgs [Arthroderma otae] 
. . . . . . . . Arthroderma benhamiae CBS 112371 ..........     2 hits    1 orgs [Arthroderma benhamiae] 
. . . . . . . . Arthroderma gypseum CBS 118893 ............     2 hits    1 orgs [Arthroderma gypseum] 
. . . . . . . Trichophyton verrucosum HKI 0517 ............     2 hits    1 orgs [mitosporic Arthrodermataceae; Trichophyton; Trichophyton verrucosum] 
. . . . Pleosporineae .....................................    13 hits    5 orgs [dothideomyceta; Dothideomycetes; Pleosporomycetidae; Pleosporales] 
. . . . . Pleosporaceae ...................................     7 hits    3 orgs  
. . . . . . Pyrenophora ...................................     6 hits    2 orgs  
. . . . . . . Pyrenophora teres f. teres 0-1 ..............     2 hits    1 orgs [Pyrenophora teres; Pyrenophora teres f. teres] 
. . . . . . . Pyrenophora tritici-repentis Pt-1C-BFP ......     4 hits    1 orgs [Pyrenophora tritici-repentis] 
. . . . . . Cochliobolus carbonum .........................     1 hits    1 orgs [Cochliobolus] 
. . . . . Leptosphaeria maculans ..........................     2 hits    1 orgs [Leptosphaeriaceae; Leptosphaeria; Leptosphaeria maculans complex] 
. . . . . Phaeosphaeria nodorum SN15 ......................     4 hits    1 orgs [Phaeosphaeriaceae; Phaeosphaeria; Phaeosphaeria nodorum] 
. . . Tuber ...............................................     2 hits    2 orgs [Pezizomycetes; Pezizales; Tuberaceae] 
. . . . Tuber melanosporum ................................     2 hits    2 orgs  
. . . . . Tuber melanosporum Mel28 ........................     1 hits    1 orgs  
. . Saccharomycetales .....................................    59 hits   26 orgs [Saccharomycotina; Saccharomycetes] 
. . . Candida .............................................    23 hits    6 orgs [mitosporic Saccharomycetales] 
. . . . Candida oleophila .................................     2 hits    1 orgs  
. . . . Candida albicans ..................................    17 hits    3 orgs  
. . . . . Candida albicans SC5314 .........................     4 hits    1 orgs  
. . . . . Candida albicans WO-1 ...........................     1 hits    1 orgs  
. . . . Candida tropicalis MYA-3404 .......................     2 hits    1 orgs [Candida tropicalis] 
. . . . Candida dubliniensis CD36 .........................     2 hits    1 orgs [Candida dubliniensis] 
. . . Debaryomycetaceae ...................................    12 hits    7 orgs  
. . . . Lodderomyces elongisporus NRRL YB-4239 ............     2 hits    1 orgs [Lodderomyces; Lodderomyces elongisporus] 
. . . . Debaryomyces ......................................     2 hits    2 orgs  
. . . . . Debaryomyces hansenii ...........................     2 hits    2 orgs  
. . . . . . Debaryomyces hansenii CBS767 ..................     1 hits    1 orgs [Debaryomyces hansenii var. hansenii] 
. . . . Scheffersomyces stipitis CBS 6054 .................     2 hits    1 orgs [Scheffersomyces; Scheffersomyces stipitis] 
. . . . Schwanniomyces occidentalis .......................     2 hits    1 orgs [Schwanniomyces] 
. . . . Meyerozyma ........................................     4 hits    2 orgs  
. . . . . Meyerozyma guilliermondii .......................     4 hits    2 orgs  
. . . . . . Meyerozyma guilliermondii ATCC 6260 ...........     2 hits    1 orgs  
. . . Clavispora lusitaniae ATCC 42720 ....................     2 hits    1 orgs [Metschnikowiaceae; Clavispora; Clavispora lusitaniae] 
. . . Wickerhamomyces anomalus ............................     3 hits    1 orgs [Wickerhamomycetaceae; Wickerhamomyces] 
. . . Saccharomycetaceae ..................................    15 hits    9 orgs  
. . . . Pichia ............................................     6 hits    4 orgs  
. . . . . Pichia angusta ..................................     3 hits    2 orgs  
. . . . . . Pichia angusta DL-1 ...........................     1 hits    1 orgs  
. . . . . Pichia pastoris .................................     3 hits    2 orgs  
. . . . . . Pichia pastoris GS115 .........................     2 hits    1 orgs  
. . . . Williopsis saturnus ...............................     1 hits    1 orgs [Williopsis] 
. . . . Ashbya gossypii ATCC 10895 ........................     2 hits    1 orgs [Eremothecium; Eremothecium gossypii] 
. . . . Kluyveromyces .....................................     4 hits    2 orgs  
. . . . . Kluyveromyces lactis ............................     4 hits    2 orgs  
. . . . . . Kluyveromyces lactis NRRL Y-1140 ..............     1 hits    1 orgs  
. . . . Lachancea kluyveri ................................     2 hits    1 orgs [Lachancea] 
. . . Yarrowia ............................................     4 hits    2 orgs [Dipodascaceae] 
. . . . Yarrowia lipolytica ...............................     4 hits    2 orgs  
. . . . . Yarrowia lipolytica CLIB122 .....................     1 hits    1 orgs  
. Basidiomycota ...........................................    10 hits    6 orgs  
. . Ustilaginaceae ........................................     3 hits    2 orgs [Ustilaginomycotina; Ustilaginomycetes; Ustilaginales] 
. . . Ustilago maydis 521 .................................     2 hits    1 orgs [Ustilago; Ustilago maydis] 
. . . Sporisorium reilianum ...............................     1 hits    1 orgs [Sporisorium] 
. . Agaricales ............................................     7 hits    4 orgs [Agaricomycotina; Agaricomycetes; Agaricomycetidae] 
. . . Agaricus bisporus ...................................     1 hits    1 orgs [Agaricaceae; Agaricus] 
. . . Coprinopsis cinerea okayama7#130 ....................     2 hits    1 orgs [Psathyrellaceae; Coprinopsis; Coprinopsis cinerea] 
. . . Schizophyllum commune H4-8 ..........................     2 hits    1 orgs [Schizophyllaceae; Schizophyllum; Schizophyllum commune] 






Sequences Homologous to the Protein of EST C01417 and ClustalW alignment 
 




>gi|116206490|ref|XP_001229054.1| hypothetical protein CHGG_02538 







>gi|311325484|gb|EFQ91509.1| hypothetical protein PTT_11632 [Pyrenophora 











>gi|156064069|ref|XP_001597956.1| hypothetical protein SS1G_00042 












>gi|169614726|ref|XP_001800779.1| hypothetical protein SNOG_10510 







>gi|302416909|ref|XP_003006286.1| conserved hypothetical protein 











>gi|39975467|ref|XP_369124.1| hypothetical protein [Magnaporthe oryzae 70-





>gi|145612209|ref|XP_362575.2| hypothetical protein [Magnaporthe oryzae 70-







>gi|310792500|gb|EFQ28027.1| hypothetical protein GLRG_03171 [Glomerella 







>gi|310797936|gb|EFQ32829.1| hypothetical protein GLRG_07973 [Glomerella 





































































CLUSTAL W (1.81) multiple sequence alignment 
 
 V.al-atrum       ------------------------------------------------------------ 
2_G.gram         ------------------------------------------------------------ 
N.crassa         ------------------------------------------------------MPVIVT 
S.macro          ------------------------------------------------------------ 
C.globosum       ------------------------------------------------------------ 
S.sclero         ------------------------------------------------------------ 
B.fucklia        ------------------------------------------------------------ 
1_G.gram         ------------------------------------------------------------ 
2_M.oryzae       ------------------------------------------------------------ 
1_M.oryzae       ------------------------------------------------------------ 
Bgh01761         ------------------------------------------------------------ 
P.t.f.teres      ------------------------------------------------------------ 
P.tri-rep        ------------------------------------------------------------ 
L.maculans       ------------------------------------------------------------ 
P.nodorum        MPSPTFSPHKSKALAMHSAPDHDHGSTSRRSPPGPLRARTWSRLISSWLRVTKVSSKPQI 
                                                                              
 
V.al-atrum       ---------------------------------------------------------MLH 
2_G.gram         -----------------------------------------------------------M 
N.crassa         PLQELFSVQDPTRRQAVSYSPVTHEASACGLGYGSDEVNMDSSSFYSFVIVQVPGGRCYN 
S.macro          ------------------------------------------------------------ 
C.globosum       ------------------------------------------------------------ 
S.sclero         ------------------------------------------------------------ 
B.fucklia        ------------------------------------------------------------ 
1_G.gram         ------------------------------------------------------------ 
2_M.oryzae       ------------------------------------------------------------ 
1_M.oryzae       ---------------------------------------------------------MVS 
Bgh01761         ------------------------------------------------------------ 
P.t.f.teres      ------------------------------------------------------------ 
P.tri-rep        ------------------------------------------------------------ 
L.maculans       ------------------------------------------------------------ 
P.nodorum        AGLAWHLAQRGARAAMLCLRALGMASQKFQLHSKQWATLGCSRYSACNIKALIFVYPPTT 
                                                                              
 
V.al-atrum       SYHYYILAAAGLVGNINALPLNINLGAYSPALVVGDGEISFGGKSD---VNSLMNVLEGA 
2_G.gram         QITNTLMTLALLAMGINAAPLNINMGAYSPALVVGDGALTFGGEE--------------- 
N.crassa         FFNMVNYNFLMFAGLAAALPLNINLGAYSPALVVGDGEISFGGKQD---VSTLMNALEGA 
S.macro          ---MVKYSSVMFAGLAAALPLNINLGAYSPALVVG----NFGGKQD---VSQLINALEGA 
C.globosum       ---MVRYAIVAFAGLAAALPLNINLGAYSPALVVGDGEISFGGRQD---VSNLITALEGA 
S.sclero         -----MAAMLAISISAIPLPLNINLGAYSPALVVGDGEISFGGKAD---VSNLMNALEGA 
B.fucklia        --------MAMIATSISALPLNINLGAYSPALVVGDGEISFGGKAD---VSNLMNALEGA 
1_G.gram         MVNCYIFALAGLAAQVSALPLNINLGAYSPALVVGDGEISFGGKSD---VSQLMNVLEGA 
2_M.oryzae       MVNYRFATLIGLAGMAVAVPLNINLGAYSPALVVGDGEISFKGGEE---VSSLMNALEGA 
1_M.oryzae       QSYLLRLVAFCAVVNAVPLPLNINLGAYSPALVVGDGAIGFEGGAGKNGVESIINTLQGA 
Bgh01761         -MFARYLVLAFLTTVAIAAPLNINLGAYSPALVVGDGEISFGGAEGEASAEGIFNTLQGS 
P.t.f.teres      --MLTQNVLFALVATVAAVPLNINLGAYSPALVVGDGEISLGSTAS---ASELMATLASG 
P.tri-rep        --MLAQNVLFALVATVAAVPLNINLGAYSPALVVGDGEISLGSTAS---ASELMATLASG 
L.maculans       --MLPQHVLIALVATVAAVPLNINLGAYSPALVVGDGEISLGSTES---ASELMATLASG 
P.nodorum        IKMLPQSVLLALVATVAAVPLNINLGAYSPALVVGDGEIAIGEAKS---ASELMATLASG 
                                  . *****:**********     :                    
 
V.al-atrum       AVNAAAGVAN--------------------------GQQPPPAQAAAVQQASDKPQPVII 
2_G.gram         ----AAPAAG--------------------------AEGGAQRQLARRQDAGDKK----- 
N.crassa         AVNAAAGAASNAPVASAPAAGEKKTVQAAAVPAAAAAPTIAPTSPAVVPTTPGGASPAAV 
S.macro          AVNAAAGAASNADVAPE---EKKPVQAAAAPVVVAAAPTVLPSSPVVVPTTPGGVSPAAV 
C.globosum       AVNAAAGAAN---------------------AAGGASEAAGVANNAAVAAASASTVPAPV 
S.sclero         AVSGAATNGGAKP--------------------QTQAQAAPVAAAAPAEAPTEG------ 
B.fucklia        AVSGAATNGAAAAPAAQ-------------PQAAAPAAAAAPATAAAVQGATED------ 
1_G.gram         AVNAAQGAGQAAGNGAG-------------QGAGRAAPATAAPAAAPAAAPAAAPATAAV 
2_M.oryzae       AVNAANGAAPAKGGKKAG------------AAAIASAPGAAAAAAAPVSNAASQQQPAQI 
1_M.oryzae       AAAGGARAAAAEG---------------------AAQPATANQAAAAPQQQGLGLGAKAV 
Bgh01761         GTTGVAAGEAKGSAKGDG-------------LDDTVKKAGGEKATKKVKAAAEKR----- 
P.t.f.teres      --AAAG--------------------------GGGGAKPAAAEAAAPAPPAKRANLRRAI 
P.tri-rep        --AAAG--------------------------GGG-ARPAAAEAAAAAPPAKRANLRRAI 
L.maculans       --AAENGGAAEGGAQAGQ-----------QEQPAGGEQPPAEEAAAPAEQPAERRTAKRS 
P.nodorum        SNEAAAGAAAGRGWRGHD-----------KVQQEQGQPGPKPLPNKLKNNPLEAEAAKRA 
                                                                              
 
V.al-atrum       NPAPAAKGQSLTSDQQEA----------------------QQIASFLGIDGKQIDPRAGP 
2_G.gram         ------------------------------------------------------------ 
N.crassa         DTSN-APKIDPTLAQQAQ-----------------------SIQGLQGMGKKSIAPRAEE 
S.macro          DNNNNAPKIDPTLAQQIKN--------VLKADDKNPAVKAQSIQGLQGMGKKSIAPRAEP 
C.globosum       PNTVEQASTDPVLTEQAQ-----------------------QIAGLQGLG-KAIAPRVGT 
S.sclero         -------------------------------------KTEAQVTALQGMGKEIAPRIVKL 
B.fucklia        -------------------------------------KTEAQVTALQGMGKEIAPRVVKL 
1_G.gram         QETPNQEIQQNQQAQQSVADIQGGATPVTAISSDNQINEAQAIAALQGMGKEIAPRVQLS 
2_M.oryzae       VSAPATADAASAPNPALEQ-------------------QAQQIAALQGMGKAIAPRQEGE 
1_M.oryzae       DSGILNEKASLPLPGAAPLG-----------------PRSEEVEVEEDAEEDNEQSASAP 
Bgh01761         ------------------------------------------------------------ 
P.t.f.teres      EDILGKRANAPIAKREPV-------------------------------ESKMDAVEEAM 
P.tri-rep        EDILGKRANAPIAKREPV-------------------------------ESKMDAVEEAM 
L.maculans       PILRRALDNIFGKREAAP-------------------------------EPKMAAVEGAM 
P.nodorum        PNLLRRAISDFISKRAPAPV----------------------------QDDKIAAIEAAT 
                                                                              
 
V.al-atrum       AATGKIDG----------------------------TTAKRDLSGFDRALRYAEAALVKG 
2_G.gram         --------------------------------------VEKRQSGFDRALTFAEAALTKG 
N.crassa         P-----FDEMDMDEDEDDITDDITDATA------LLDKKKRDLAGFDRALKFSEAALTKG 
S.macro          C-----DDMEAVPLDLD------------------KAKIKRDLAGFDRALKFSEAALTKG 
C.globosum       E-----AEKVGK----------------------------RDLAGFDRALTYAEAALVKG 
S.sclero         ERSD------------------------------VEKAAKRDIQTLTAALNYAAGAIKTS 
B.fucklia        ERSD------------------------------VDRAAKRDIQTLTAALNYAAGAIKTS 
1_G.gram         KS--------------------------------HTAGEKRDLAGFDRALKYAEVALTKG 
2_M.oryzae       AAEEDTEPEEKTSAVTKRDTESAEVEAESEEDDEAPAVAKRDLASFQAALAFAEKALTKG 
1_M.oryzae       LQ-------------------------------------KRQNAGFQAALNFAESALTKG 
Bgh01761         -------------------------------------AEKRDMAGFTAALNYADAALNKG 
P.t.f.teres      QW------------------------------------IKRDLAGFNAALGYAKEALKDQ 
P.tri-rep        QW------------------------------------IKRDLAGFNAALGYAKEALKDQ 
L.maculans       EW------------------------------------IKRDLEGFNAALSYAREAMKDA 
P.nodorum        AW------------------------------------IKRDLQGFQASLAYAREAMKDS 
                                                         :    :  :* ::  *:    
 
V.al-atrum       PKVQLGTGAEG--SGVGIIVDN----------------------NQQAAARPGRGTEEGG 
2_G.gram         PDIELGTGEGG--AGVGIKIDN----------------------NPKPAAGGAAGGAAGR 
N.crassa         PKVQLGTGAEG--SGVGIIVDNNASTRPAAAAEKKKK------RDTDETTAPRRRTKVTT 
S.macro          PKVQLGTGAEG--SGVGIIVDNNASTQPAAAEKKKKKRATA--NDETTTAPRRRTTKVTT 
C.globosum       PKVELGTGAEG--SGVGIIVEHPAAGAARKR-------------DTDEVTAPRRRAKVTT 
S.sclero         PEVQLGTEESG--VGILVKAG---STANAPAAAGAAAKVKMGKREDGAADA-KTKTTVTT 
B.fucklia        PEVQLGTEESG--VGILVKAGGTGNTAAAAGAAGTAGKAKMGKREDSVADP-KTKTTVTT 
1_G.gram         PKIDLGTGEGG--SGVGIKVDNQQGGAAQAGAGGQRAAASLKARADEAQQPPRRRAKVTT 
2_M.oryzae       PIISLGTGEGSQKAGVGIVVNNNPAGGAAKGKE-----------RKKRDLGVSQKVKVTT 
1_M.oryzae       PKIQLGTPEAG----VGIIVDNTASSGRAAA----------------------------- 
Bgh01761         PIIDLGTGGGG--SGVGITVKPGVVA---------------------------------- 
P.t.f.teres      PKVEMGTENAG--VGIIVNPGVNVPAGSAAAGGG-KKEKRD------EVVEEEDAPKMTL 
P.tri-rep        PKVEMGTENAG--VGIIVNPGVNVPAGSAAAGGGEKKEKRD------EVVEEEDAPKMTL 
L.maculans       PKIELGTENSG--IGILVNPGVNVPQDSAAAGSSEKRKREEN---AAEVVSEKDAPKMTL 
P.nodorum        PKVELGSPNAG--IGIVVNPGVNVPAGSAAAGTPSAEHKVKRDEVSDEVSDEAETPKMTL 
                 * :.:*:   .    : :                                           
 
V.al-atrum       CYWRRRRG---------------------------------------------------- 
2_G.gram         E----------------------------------------------------------- 
N.crassa         MYVRRGIPASLQNN--AELSPREVAHSHIANVPIKFAKRDTATIATEAKRN---TIDAVN 
S.macro          MYVRRGIPVSLQDRNYPELAAREVVHSYIANVPIKFAKRNATTTTTGTEAKRDTTIDAVN 
C.globosum       MYIRRGIPASLNSRS-DEAAAAVVAAAAQAAPPVVLSKRDVS------------AFDEVN 
S.sclero         MFIRGGPAVGQTNS-----------------ISTVHNVEELNNSAITKREPSPAIDGVNL 
B.fucklia        MFIRGGPAAQ-------------------------------------------------- 
1_G.gram         MYVRSGVPEGVEMASDKLVARNPSAPVAQVVPATSNNVVKRAQEELASRGVSGSAIDTVN 
2_M.oryzae       MYVRSGIPASLRNSP--------------ELVARDIAIPVGVPSIPRLFSRSDSALDAVN 
1_M.oryzae       ------------------------------------------------------------ 
Bgh01761         ------------------------------------------------------------ 
P.t.f.teres      VAITEV------------------------------------------------------ 
P.tri-rep        VAITEV------------------------------------------------------ 
L.maculans       VAITEV------------------------------------------------------ 
P.nodorum        VAITEV------------------------------------------------------ 
                                                                              
 
V.al-atrum       ---------------------------------- 
2_G.gram         ---------------------------------- 
N.crassa         MNVDTSSEGVTMTFVETLDDEEVEEEEEEEQR-- 
S.macro          LNVDTGNEGVTMTFVESLDHDDDEEE-------- 
C.globosum       LNVDG-DAGVTMTVVESFDDEGEDVDEDDDEDAE 
S.sclero         NMAEGQVAELTFVETRSADDEE------------ 
B.fucklia        ---------------------------------- 
1_G.gram         LNVSGEGVTMTFVETEADDVDEQQ---------- 
2_M.oryzae       LNVDGDKGLTMTFVETITDADADIEDSAE----- 
1_M.oryzae       ---------------------------------- 
Bgh01761         ---------------------------------- 
P.t.f.teres      ---------------------------------- 
P.tri-rep        ---------------------------------- 
L.maculans       ---------------------------------- 
P.nodorum        ---------------------------------- 
 
NCBI Generated Lineage Report for C01417 
cellular organisms 
. Fungi/Metazoa group [eukaryotes] 
. . leotiomyceta        [ascomycetes] 
. . . sordariomyceta      [ascomycetes] 
. . . . Sordariomycetes     [ascomycetes] 
. . . . . Sordariomycetidae   [ascomycetes] 
. . . . . . Sordariales         [ascomycetes] 
. . . . . . . Chaetomium globosum CBS 148.51 -------------   89 2 hits [ascomycetes]       hypothetical protein CHGG_02538 [Chaetomium globosum CBS 14 
. . . . . . . Neurospora crassa ..........................   77 1 hit  [ascomycetes]       putative protein [Neurospora crassa] 
. . . . . . . Neurospora crassa OR74A ....................   56 4 hits [ascomycetes]       hypothetical protein NCU03736 [Neurospora crassa OR74A] >gi 
. . . . . . . Sordaria macrospora ........................   53 2 hits [ascomycetes]       unnamed protein product [Sordaria macrospora] 
. . . . . . Magnaporthe oryzae 70-15 ---------------------   60 6 hits [ascomycetes]       hypothetical protein [Magnaporthe oryzae 70-15] >gi|1450190 
. . . . . Verticillium albo-atrum VaMs.102 ---------------   79 2 hits [ascomycetes]       conserved hypothetical protein [Verticillium albo-atrum VaM 
. . . . . Glomerella graminicola M1.001 ..................   57 3 hits [ascomycetes]       hypothetical protein GLRG_03171 [Glomerella graminicola M1. 
. . . . Sclerotinia sclerotiorum 1980 UF-70 --------------   82 2 hits [ascomycetes]       hypothetical protein SS1G_00042 [Sclerotinia sclerotiorum 1 
. . . . Botryotinia fuckeliana B05.10 ....................   78 2 hits [ascomycetes]       predicted protein [Botryotinia fuckeliana B05.10] >gi|15085 
. . . Pyrenophora teres f. teres 0-1 ---------------------   85 1 hit  [ascomycetes]       hypothetical protein PTT_11632 [Pyrenophora teres f. teres  
. . . Pyrenophora tritici-repentis Pt-1C-BFP .............   85 2 hits [ascomycetes]       predicted protein [Pyrenophora tritici-repentis Pt-1C-BFP]  
. . . Leptosphaeria maculans (blackleg of crucifers ...) .   81 1 hit  [ascomycetes]       hypothetical protein [Leptosphaeria maculans] 
. . . Phaeosphaeria nodorum SN15 .........................   80 2 hits [ascomycetes]       hypothetical protein SNOG_10510 [Phaeosphaeria nodorum SN15 
. . Taeniopygia guttata (zebra finch) --------------------   37 1 hit  [birds]             PREDICTED: similar to PDZ domain containing 8 [Taeniopygia  
. Neisseria elongata subsp. glycolytica ATCC 29315 -------   34 2 hits [b-proteobacteria]  hypothetical protein NEIELOOT_02234 [Neisseria elongata sub 
 
 
Organism Report  
  Chaetomium globosum CBS 148.51 [ascomycetes] taxid 306901 
 ref|XP_001229054.1| hypothetical protein CHGG_02538 [Chaet...      89  1e-16 
 gb|EAQ90603.1| hypothetical protein CHGG_02538 [Chaetomium...      89  1e-16 
 
  Pyrenophora teres f. teres 0-1 [ascomycetes] taxid 861557 
 gb|EFQ91509.1| hypothetical protein PTT_11632 [Pyrenophora...      85  2e-15 
 
  Pyrenophora tritici-repentis Pt-1C-BFP [ascomycetes] taxid 426418 
 ref|XP_001940296.1| predicted protein [Pyrenophora tritici...      85  3e-15 
 gb|EDU43015.1| predicted protein [Pyrenophora tritici-repe...      85  3e-15 
 
  Sclerotinia sclerotiorum 1980 UF-70 [ascomycetes] taxid 665079 
 ref|XP_001597956.1| hypothetical protein SS1G_00042 [Scler...      82  1e-14 
 gb|EDN90642.1| hypothetical protein SS1G_00042 [Sclerotini...      82  1e-14 
 
  Leptosphaeria maculans (blackleg of crucifers fungus, ...) [ascomycetes] taxid 5022 
 emb|CBX98868.1| hypothetical protein [Leptosphaeria maculans]      81  4e-14 
 
  Phaeosphaeria nodorum SN15 [ascomycetes] taxid 321614 
 ref|XP_001800779.1| hypothetical protein SNOG_10510 [Phaeo...      80  8e-14 
 gb|EAT81904.1| hypothetical protein SNOG_10510 [Phaeosphae...      80  8e-14 
 
  Verticillium albo-atrum VaMs.102 [ascomycetes] taxid 526221 
 ref|XP_003006286.1| conserved hypothetical protein [Vertic...      79  1e-13 
 gb|EEY18130.1| conserved hypothetical protein [Verticilliu...      79  1e-13 
 
  Botryotinia fuckeliana B05.10 [ascomycetes] taxid 332648 
 ref|XP_001549870.1| predicted protein [Botryotinia fuckeli...      78  2e-13 
 gb|EDN32793.1| predicted protein [Botryotinia fuckeliana B...      78  2e-13 
 
  Neurospora crassa [ascomycetes] taxid 5141 
 emb|CAD11419.1| putative protein [Neurospora crassa]               77  4e-13 
 
  Magnaporthe oryzae 70-15 [ascomycetes] taxid 242507 
 ref|XP_369124.1| hypothetical protein [Magnaporthe oryzae ...      60  9e-08 
 gb|EDK03313.1| predicted protein [Magnaporthe grisea 70-15]        60  9e-08 
 ref|XP_362575.2| hypothetical protein [Magnaporthe oryzae ...      60  9e-08 
 gb|EDK03641.1| predicted protein [Magnaporthe grisea 70-15]        60  9e-08 
 ref|XP_362575.2| hypothetical protein [Magnaporthe oryzae ...      48  3e-04 
 gb|EDK03641.1| predicted protein [Magnaporthe grisea 70-15]        48  3e-04 
 
  Glomerella graminicola M1.001 [ascomycetes] taxid 645133 
 gb|EFQ28027.1| hypothetical protein GLRG_03171 [Glomerella...      57  5e-07 
 gb|EFQ32829.1| hypothetical protein GLRG_07973 [Glomerella...      57  7e-07 
 
  Neurospora crassa OR74A [ascomycetes] taxid 367110 
 ref|XP_961512.2| hypothetical protein NCU03736 [Neurospora...      56  1e-06 
 gb|EAA32276.2| hypothetical protein NCU03736 [Neurospora c...      56  1e-06 
 ref|XP_961512.2| hypothetical protein NCU03736 [Neurospora...      53  1e-05 
 gb|EAA32276.2| hypothetical protein NCU03736 [Neurospora c...      53  1e-05 
 
  Sordaria macrospora [ascomycetes] taxid 5147 
 emb|CBI51638.1| unnamed protein product [Sordaria macrospora]      53  1e-05 
 
  Taeniopygia guttata (zebra finch) [birds] taxid 59729 
 ref|XP_002187195.1| PREDICTED: similar to PDZ domain conta...      37  0.53 
 
  Neisseria elongata subsp. glycolytica ATCC 29315 [b-proteobacteria] taxid 546263 
 ref|ZP_06735392.1| hypothetical protein NEIELOOT_02234 [Ne...      34  4.1 
 gb|EFE49034.1| hypothetical protein NEIELOOT_02234 [Neisse...      34  4.1 
 
 
Taxonomy Report  
cellular organisms .................................    33 hits   15 orgs [root] 
. Fungi/Metazoa group ..............................    31 hits   14 orgs [Eukaryota] 
. . leotiomyceta ...................................    30 hits   13 orgs [Fungi; Dikarya; Ascomycota; saccharomyceta; Pezizomycotina] 
. . . sordariomyceta ...............................    24 hits    9 orgs  
. . . . Sordariomycetes ............................    20 hits    7 orgs  
. . . . . Sordariomycetidae ........................    15 hits    5 orgs  
. . . . . . Sordariales ............................     9 hits    4 orgs  
. . . . . . . Chaetomium globosum CBS 148.51 .......     2 hits    1 orgs [Chaetomiaceae; Chaetomium; Chaetomium globosum] 
. . . . . . . Sordariaceae .........................     7 hits    3 orgs  
. . . . . . . . Neurospora crassa ..................     5 hits    2 orgs [Neurospora] 
. . . . . . . . . Neurospora crassa OR74A ..........     4 hits    1 orgs  
. . . . . . . . Sordaria macrospora ................     2 hits    1 orgs [Sordaria] 
. . . . . . Magnaporthe oryzae 70-15 ...............     6 hits    1 orgs [Magnaporthales; Magnaporthaceae; Magnaporthe; Magnaporthe oryzae] 
. . . . . Verticillium albo-atrum VaMs.102 .........     2 hits    1 orgs [Sordariomycetes incertae sedis; Phyllachorales; mitosporic Phyllachorales; Verticillium; 
Verticillium albo-atrum] 
. . . . . Glomerella graminicola M1.001 ............     3 hits    1 orgs [Hypocreomycetidae; Hypocreomycetidae incertae sedis; Glomerellaceae; Glomerella; Glomerella 
graminicola] 
. . . . Sclerotiniaceae ............................     4 hits    2 orgs [Leotiomycetes; Helotiales] 
. . . . . Sclerotinia sclerotiorum 1980 UF-70 ......     2 hits    1 orgs [Sclerotinia; Sclerotinia sclerotiorum] 
. . . . . Botryotinia fuckeliana B05.10 ............     2 hits    1 orgs [Botryotinia; Botryotinia fuckeliana] 
. . . Pleosporineae ................................     6 hits    4 orgs [dothideomyceta; Dothideomycetes; Pleosporomycetidae; Pleosporales] 
. . . . Pyrenophora ................................     3 hits    2 orgs [Pleosporaceae] 
. . . . . Pyrenophora teres f. teres 0-1 ...........     1 hits    1 orgs [Pyrenophora teres; Pyrenophora teres f. teres] 
. . . . . Pyrenophora tritici-repentis Pt-1C-BFP ...     2 hits    1 orgs [Pyrenophora tritici-repentis] 
. . . . Leptosphaeria maculans .....................     1 hits    1 orgs [Leptosphaeriaceae; Leptosphaeria; Leptosphaeria maculans complex] 
. . . . Phaeosphaeria nodorum SN15 .................     2 hits    1 orgs [Phaeosphaeriaceae; Phaeosphaeria; Phaeosphaeria nodorum] 
. . Taeniopygia guttata ............................     1 hits    1 orgs [Metazoa; Eumetazoa; Bilateria; Coelomata; Deuterostomia; Chordata; Craniata; Vertebrata; 
Gnathostomata; Teleostomi; Euteleostomi; Sarcopterygii; Tetrapoda; Amniota; Sauropsida; Sauria; Archosauria; Dinosauria; Saurischia; Theropoda; Coelurosauria; Aves; 
Neognathae; Passeriformes; Passeroidea; Estrildidae; Estrildinae; Taeniopygia] 
. Neisseria elongata subsp. glycolytica ATCC 29315 .     2 hits    1 orgs [Bacteria; Proteobacteria; Betaproteobacteria; Neisseriales; Neisseriaceae; Neisseria; 




Sequences Homologous to the Protein of EST D00658 and ClustalW alignment 
 




>gi|156053279|ref|XP_001592566.1| mannose phospho-dolichol synthase 






>gi|154314666|ref|XP_001556657.1| hypothetical protein BC1G_04042 













>gi|189205270|ref|XP_001938970.1| dolichol-phosphate mannosyltransferase 






>gi|311330160|gb|EFQ94636.1| hypothetical protein PTT_07599 [Pyrenophora 






>gi|312219981|emb|CBX99923.1| similar to dolichol-phosphate (beta-D) 





>gi|322699920|gb|EFY91678.1| mannose phospho-dolichol synthase [Metarhizium 






>gi|169610129|ref|XP_001798483.1| hypothetical protein SNOG_08158 






>gi|322703034|gb|EFY94650.1| mannose phospho-dolichol synthase [Metarhizium 






>gi|302886581|ref|XP_003042180.1| glycosyltransferase family 2 [Nectria 


























>gi|303317280|ref|XP_003068642.1| dolichol-phosphate mannosyltransferase, 






>gi|119187095|ref|XP_001244154.1| hypothetical protein CIMG_03595 






>gi|154284546|ref|XP_001543068.1| dolichol-phosphate mannosyltransferase 






>gi|295670878|ref|XP_002795986.1| dolichol-phosphate mannosyltransferase 






>gi|68476637|ref|XP_717611.1| potential ER dolichol phosphate mannose 






>gi|225681605|gb|EEH19889.1| dolichol-phosphate mannosyltransferase 






>gi|241949361|ref|XP_002417403.1| dolichol-phosphate mannose synthase, 
putative; dolichol-phosphate mannosyltransferase, putative; dolichyl-
phosphate beta-D-mannosyltransferase, putative; mannose-P-dolichol 






>gi|261191254|ref|XP_002622035.1| dolichol-phosphate mannosyltransferase 






>gi|226288748|gb|EEH44260.1| dolichol-phosphate mannosyltransferase 






>gi|260944008|ref|XP_002616302.1| hypothetical protein CLUG_03543 






>gi|240281486|gb|EER44989.1| dolichol-phosphate mannose synthase 












>gi|255729550|ref|XP_002549700.1| dolichol-phosphate mannosyltransferase 






>gi|315055499|ref|XP_003177124.1| dolichol-phosphate mannosyltransferase 




















>gi|302659260|ref|XP_003021322.1| hypothetical protein TRV_04566 






>gi|296824402|ref|XP_002850652.1| dolichol-phosphate mannosyltransferase 






>gi|121705564|ref|XP_001271045.1| dolichol-phosphate mannosyltransferase, 






>gi|302508251|ref|XP_003016086.1| hypothetical protein ARB_05483 






>gi|149247152|ref|XP_001528001.1| dolichol-phosphate mannosyltransferase 




















>gi|119491845|ref|XP_001263417.1| dolichol-phosphate mannosyltransferase, 






>gi|70999724|ref|XP_754579.1| dolichol-phosphate mannosyltransferase 






>gi|145252462|ref|XP_001397744.1| dolichol-phosphate mannosyltransferase 



















>gi|258563706|ref|XP_002582598.1| dolichol-phosphate mannosyltransferase 






>gi|320587712|gb|EFX00187.1| dolichol-phosphate mannosyltransferase 






>gi|67537554|ref|XP_662551.1| hypothetical protein AN4947.2 [Aspergillus 






>gi|85106102|ref|XP_962098.1| dolichol-phosphate mannosyltransferase 






>gi|169770571|ref|XP_001819755.1| dolichol-phosphate mannosyltransferase 












>gi|242782420|ref|XP_002479995.1| dolichol-phosphate mannosyltransferase, 






>gi|126133424|ref|XP_001383237.1| dolichol-P-mannose synthesis 






>gi|212527048|ref|XP_002143681.1| dolichol-phosphate mannosyltransferase, 






>gi|299755265|ref|XP_001828559.2| dolichol-phosphate mannosyltransferase 













>gi|170100326|ref|XP_001881381.1| glycosyltransferase family 2 protein 






>gi|48101013|ref|XP_392640.1| PREDICTED: similar to Probable dolichol-
phosphate mannosyltransferase (Dolichol-phosphate mannose synthase) 
(Dolichyl-phosphate beta-D-mannosyltransferase) (Mannose-P-dolichol 






>gi|321251850|ref|XP_003192200.1| GPI anchor biosynthesis-related protein 






>gi|302673740|ref|XP_003026556.1| glycosyltransferase family 2 protein 













>gi|148230567|ref|NP_001089465.1| dolichyl-phosphate mannosyltransferase 































>gi|148674597|gb|EDL06544.1| dolichol-phosphate (beta-D) 





>gi|58263533|ref|XP_569172.1| GPI anchor biosynthesis-related protein 






>gi|193718481|ref|XP_001952221.1| PREDICTED: similar to Probable dolichol-
phosphate mannosyltransferase (Dolichol-phosphate mannose synthase) 
(Dolichyl-phosphate beta-D-mannosyltransferase) (Mannose-P-dolichol 

































>gi|148674596|gb|EDL06543.1| dolichol-phosphate (beta-D) 




>gi|312068168|ref|XP_003137087.1| dolichol Phosphate Mannosyltransferase 













>gi|123286707|emb|CAM22976.1| dolichol-phosphate (beta-D) 





>gi|224078689|ref|XP_002186864.1| PREDICTED: putative dolichol-phosphate 












>gi|14250108|gb|AAH08466.1| Dolichyl-phosphate mannosyltransferase 











>gi|58332670|ref|NP_001011407.1| dolichyl-phosphate mannosyltransferase 1 











>gi|297259564|ref|XP_001094366.2| PREDICTED: dolichol-phosphate 













>gi|126303258|ref|XP_001378527.1| PREDICTED: similar to dolichyl-phosphate 







>gi|197128067|gb|ACH44565.1| putative dolichol-phosphate 













>gi|50759086|ref|XP_417511.1| PREDICTED: similar to dolichol-phosphate-






>gi|297707334|ref|XP_002830465.1| PREDICTED: dolichol-phosphate 







>gi|119596014|gb|EAW75608.1| dolichyl-phosphate mannosyltransferase 












 >gi|114682631|ref|XP_001168321.1| PREDICTED: similar to dolichol-phosphate-

























>gi|148674602|gb|EDL06549.1| dolichol-phosphate (beta-D) 












>gi|57104284|ref|XP_534456.1| PREDICTED: similar to Dolichol-phosphate 
mannosyltransferase (Dolichol-phosphate mannose synthase) (Dolichyl-
phosphate beta-D-mannosyltransferase) (Mannose-P-dolichol synthase) (MPD 






>gi|262072949|dbj|BAI47782.1| dolichyl-phosphate mannosyltransferase 






>gi|301754367|ref|XP_002913023.1| PREDICTED: dolichol-phosphate 






>gi|20138078|sp|Q9WU83.1|DPM1_CRIGR RecName: Full=Dolichol-phosphate 
mannosyltransferase; AltName: Full=Dolichol-phosphate mannose synthase; 
Short=DPM synthase; AltName: Full=Dolichyl-phosphate beta-D-
mannosyltransferase; AltName: Full=Mannose-P-dolichol synthase; Short=MPD 













>gi|149734192|ref|XP_001488101.1| PREDICTED: similar to dolichyl-phosphate 







CLUSTAL W (1.81) multiple sequence alignment 
 
 
Coprinopsis_cinerea_okayama7#1      -------------------------------------------------- 
Laccaria_bicolor_S238N-H82          -------------------------------------------------- 
Schizophyllum_commune_H4-8          -------------------------------------------------- 
Cryptococcus_gattii_WM276           -------------------------------------------------- 
Cryptococcus_neoformans_var._n      -------------------------------------------------- 
Candida_albicans_SC5314             -------------------------------------------------- 
Candida_dubliniensis_CD36           -------------------------------------------------- 
Candida_tropicalis_MYA-3404         -------------------------------------------------- 
Lodderomyces_elongisporus_NRRL      -------------------------------------------------- 
Scheffersomyces_stipitis_CBS_6      -------------------------------------------------- 
Clavispora_lusitaniae_ATCC_427      -------------------------------------------------- 
Debaryomyces_hansenii_CBS767        -------------------------------------------------- 
Pichia_angusta_DL-1                 -------------------------------------------------- 
Sclerotinia_sclerotiorum_1980       -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       -------------------------------------------------- 
bghT007426000001001                 -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      -------------------------------------------------- 
Pyrenophora_teres_f._teres_0-1      -------------------------------------------------- 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          -------------------------------------------------- 
Nectria_haematococca_mpVI_77-1      -------------------------------------------------- 
Gibberella_zeae_PH-1                -------------------------------------------------- 
Metarhizium_acridum_CQMa_102        -------------------------------------------------- 
Metarhizium_anisopliae_ARSEF_2      -------------------------------------------------- 
Hypocrea_jecorina                   -------------------------------------------------- 
Glomerella_graminicola_M1.001       -------------------------------------------------- 
Neurospora_crassa_OR74A             -------------------------------------------------- 
Sordaria_macrospora                 -------------------------------------------------- 
Podospora_anserina_S_mat+           -------------------------------------------------- 
Magnaporthe_oryzae_70-15            -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -------------------------------------------------- 
Coccidioides_posadasii_C735_de      ------------------------------------------MPNRGPRY 
Coccidioides_immitis_RS             -------------------------------------------------- 
Uncinocarpus_reesii_1704            -------------------------------------------------- 
Ajellomyces_capsulatus_NAm1         -------------------------------------------------- 
Ajellomyces_capsulatus_H143         -------------------------------------------------- 
Ajellomyces_dermatitidis_SLH14      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      ----------------------------------------MPIRGPRYRP 
Paracoccidioides_brasiliensis       -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      ------------------------------------------MPGRGPRY 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
Aspergillus_fumigatus_Af293         -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
Yarrowia_lipolytica                 -------------------------------------------------- 
Xenopus__Silurana__tropicalis       -------------------------------------------------- 
2_Xenopus_laevis                    -------------------------------------------------- 
1_Xenopus_laevis                    -------------------------------------------------- 
3_Mus_musculus                      -------------------------------------------------- 
3_Rattus_norvegicus                 -------------------------------------------------- 
1_Mus_musculus                      -------------------------------------------------- 
5_Mus_musculus                      -------------------------------------------------- 
4_Mus_musculus                      -------------------------------------------------- 
6_Mus_musculus                      -------------------------------------------------- 
Cricetulus_griseus_MASPGASRGAS      -------------------------------------------------- 
Pongo_abelii                        MYKSRIFLIEPRNGPRRTSDQSHRSSPASEFGTVQPVLFRASLRNSASGI 
Pan_troglodytes                     -------------------------------------------------- 
2_Homo_sapiens                      MYKSRIFLIEPRNGPRRTSDQSHRSSPASEFGTVRPVLFRATLRNSASGI 
Macaca_mulatta                      MHKSCIFVIEPHNSSRRTSAQSHRSSPASEFGTVRPVLFRAALRNSASGV 
Canis_familiaris                    -------------------------------------------------- 
Ailuropoda_melanoleuca              -------------------------------------------------- 
Equus_caballus                      -------------------------------------------------- 
1_Sus_scrofa                        -------------------------------------------------- 
Monodelphis_domestica               -------------------------------------------------- 
1_Taeniopygia_guttata               -------------------------------------------------- 
2_Taeniopygia_guttata               -------------------------------------------------- 
Gallus_gallus                       -------------------------------------------------- 
Danio_rerio                         -------------------------------------------------- 
Branchiostoma_floridae              -------------------------------------------------- 
Strongylocentrotus_purpuratus       -------------------------------------------------- 
Trichoplax_adhaerens                -------------------------------------------------- 
Apis_mellifera                      -------------------------------------------------- 
Solenopsis_invicta                  -------------------------------------------------- 
1_Drosophila_melanogaster           -------------------------------------------------- 
Drosophila_sechellia                -------------------------------------------------- 
Drosophila_yakuba                   -------------------------------------------------- 
Drosophila_erecta                   -------------------------------------------------- 
Drosophila_willistoni               -------------------------------------------------- 
Acyrthosiphon_pisum                 -------------------------------------------------- 
Loa_loa                             -------------------------------------------------- 
Brugia_malayi                       -------------------------------------------------- 
Ascaris_suum                        -------------------------------------------------- 
                                                                                       
 
Coprinopsis_cinerea_okayama7#1      -------------------MQGKFNTPDTHKYSVILPTYNERKNLPVIVW 
Laccaria_bicolor_S238N-H82          --------MNPFDSSASLKMLGEFNSSDTHKYSVILPTYNERKNLPVIVW 
Schizophyllum_commune_H4-8          -------------------MQGPHQTADTHKYSVILPTYNERKNLPVMVW 
Cryptococcus_gattii_WM276           --------MSASYAINMPPVAAQTAPSPTDKYSVILPTYNERKNLPVIVW 
Cryptococcus_neoformans_var._n      --------MSESYAINMPSVAAQTAPSPTDKYSVILPTYNERKNLPVIVW 
Candida_albicans_SC5314             --------------------------MTQNKYSVILPTYNEKRNLPILIY 
Candida_dubliniensis_CD36           --------------------------MTQNKYSVILPTYNEKRNLPILIY 
Candida_tropicalis_MYA-3404         --------------------------MTNNKYSVILPTYNEKRNLPILIY 
Lodderomyces_elongisporus_NRRL      --------------------------MTANKYSVILPTYNEKRNLPILVY 
Scheffersomyces_stipitis_CBS_6      --------------------------MGSDKYSVILPTYNERKNLPILVY 
Clavispora_lusitaniae_ATCC_427      ---------------------------MGDKYSIILPTYNEKKNLPILVY 
Debaryomyces_hansenii_CBS767        --------------------------MSTDKYSVILPTYNEKRNLPILVY 
Pichia_angusta_DL-1                 ----------------------------MDKYSVILPTYNERKNLPIITY 
Sclerotinia_sclerotiorum_1980       ----------------------MAPKATKDKYSVILPTYNERRNLPIITW 
Botryotinia_fuckeliana_B05.10       ----------------------MAPKATKDKYSVILPTYNERRNLPIITW 
bghT007426000001001                 -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      ---------------------MAPTELNKNKYSVLLPTYNERRNLPIITW 
Pyrenophora_teres_f._teres_0-1      ---------------------MAPTEVNKNKYSVLLPTYNERRNLPIITW 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          ----------------------MAPTPKKDKYSVLLPTYNERRNLPIITW 
Nectria_haematococca_mpVI_77-1      ------------------------MASKANKYSVILPTYNERKNLPIMTW 
Gibberella_zeae_PH-1                ------------------------MAPKGNKYSVILPTYNERKNLPIITW 
Metarhizium_acridum_CQMa_102        ---------------------MAPAKASKNKYSVILPTYNERRNLPIMTW 
Metarhizium_anisopliae_ARSEF_2      ---------------------MAPAKASKNKYSVILPTYNERRNLPIMAW 
Hypocrea_jecorina                   ---------------------MAPTKSSNDKYSVILPTYNERKNLPIVAW 
Glomerella_graminicola_M1.001       --------------------------MAPHKYSVILPTYNERRNLPIVTW 
Neurospora_crassa_OR74A             --------------------MAPTKTTGKDVYSVILPTFNERQNLPIITW 
Sordaria_macrospora                 --------------------MAPTKTTGKDVYSVILPTFNERQNLPIITW 
Podospora_anserina_S_mat+           ------------------MAPAKSSTGGKDMYSVILPTFNERQNLPIITW 
Magnaporthe_oryzae_70-15            ------------------MAPAAKTSSGKDLYSVILPTFNERQNLPIVTW 
Grosmannia_clavigera_kw1407         ----------------------MATVAKKDRYSVILPTFNERQNLPIITW 
Coccidioides_posadasii_C735_de      RPSLEVLHQNSVLELHETRQPKPHIMAPPNKYSVILPTYNERKNLPIICW 
Coccidioides_immitis_RS             -------------------------MAPPNKYSVILPTYNERKNLPIICW 
Uncinocarpus_reesii_1704            -------------------------MAPPDKYSVILPTYNERKNLPIICW 
Ajellomyces_capsulatus_NAm1         ------------------------MSSQNNKYSVILPTYNERKNLPIICW 
Ajellomyces_capsulatus_H143         ------------------------MSSQNNKYSVILPTYNERKNLPIICW 
Ajellomyces_dermatitidis_SLH14      ------------------------MSSQNTKYSVILPTYNERRNLPIICW 
2_Paracoccidioides_brasiliensi      TLQVVEQNSVSQFFNPPCSVVQNNKMTSQNKYSVILPTYNERRNLPIICW 
Paracoccidioides_brasiliensis       -------------------------MTSQNKYSVILPTYNERRNLPIICW 
Trichophyton_verrucosum_HKI_05      -------------------------MSPANKYSVILPTYNERRNLPIICW 
Arthroderma_benhamiae_CBS_1123      -------------------------MSPANKYSVILPTYNERRNLPIICW 
Arthroderma_gypseum_CBS_118893      RPTLEAVDQEAESQFEQTPIPSHLKMSPTNKYSVILPTYNERKNLPIICW 
Arthroderma_otae_CBS_113480         -------------------------MAPANKYSVILPTYNERRNLPIIVW 
Talaromyces_stipitatus_ATCC_10      -------------------------MAKTNKYSVILPTYNERKNLPIICW 
Penicillium_marneffei_ATCC_182      -------------------------MAKQDKYSVILPTYNERKNLPIICW 
Neosartorya_fischeri_NRRL_181       ------------------------MTDTKNKYSVILPTYNERRNLPIICW 
Aspergillus_fumigatus_Af293         ------------------------MTDTKNKYSVILPTYNERRNLPIICW 
Aspergillus_clavatus_NRRL_1         ------------------------MGATKNKYSVILPTYNERKNLPIICW 
Aspergillus_oryzae_RIB40            ------------------------MGAAKNKYTVILPTYNERKNLPIICW 
Aspergillus_niger_CBS_513.88        ------------------------MGAAENKYSVILPTYNERKNLPIIVW 
Aspergillus_nidulans_FGSC_A4        -------------------------MAKDNKYSVILPTYNERRNLPIICW 
Penicillium_chrysogenum_Wiscon      ------------------------MAAAKNKYSVILPTYNERRNLPIIIW 
Tuber_melanosporum_Mel28            ------------------MAPRQSTKSRKDKYTIILPTYNERKNLPVVTW 
Yarrowia_lipolytica                 -----------------------------------------------MVW 
Xenopus__Silurana__tropicalis       ------------------MAASGNKRKSGDKYSVLLPTYNERENLPLIVW 
2_Xenopus_laevis                    HASGWGSLEGTGLVAGNMATSGNKRKKSGDKYSVLLPTYNERENLPLIVW 
1_Xenopus_laevis                    ------------------MATSGNKRKSGDKYSVLLPTYNERENLPIIVW 
3_Mus_musculus                      -------------------------------------------------- 
3_Rattus_norvegicus                 -------------------------------------------------- 
1_Mus_musculus                      -------------------------------------------------- 
5_Mus_musculus                      -----MASTGASRSLAASPRPPQGRSSRQDKYSVLLPTYNERENLPLIVW 
4_Mus_musculus                      -------------------------------------------------- 
6_Mus_musculus                      ----------NEWVFIRGSRHDWLETVTISGSFPGTTLGRRSAEPPPCSE 
Cricetulus_griseus_MASPGASRGAS      -------------------------------------------------- 
Pongo_abelii                        WLSSAMASLEVSRSPRRSRRELEVRSPRQNKYSVLLPTYNERENLPLIVW 
Pan_troglodytes                     -----MASLEVSRSPRRSRRELEVRSPRQNKYSVLLPTYNERENLPLIVW 
2_Homo_sapiens                      WLSSAMASLEVSRSPRRSRRELEVRSPRQNKYSVLLPTYNERENLPLIVW 
Macaca_mulatta                      WLSSAMASLEVRRSPPMSRRQLEVRSPRRDKYSVLLPTYNERENLPLIVW 
Canis_familiaris                    -----MASEEASGSPRRSRREPEGRAPRQDKYSVLLPTYNERENLPLIVW 
Ailuropoda_melanoleuca              -----MASEEASRSPRRSRREPEGRAPRQDKYSVLLPTYNERENLPLIVW 
Equus_caballus                      -----MASEEASRSPPRSRREPGRRAPRQDKYSVLLPTYNERENLPLIVW 
1_Sus_scrofa                        -----MASEEASRNS-RSRREPEGRFPRQDKYSVLLPTYNERENLPLIVW 
Monodelphis_domestica               -MASQSDIPNSPGSQRRGVKKATTEGTGVDKYSVLLPTYNERENLPLIVW 
1_Taeniopygia_guttata               -------------------------------------------------- 
2_Taeniopygia_guttata               -----------------------MAARGPGRVSVLLPTYNERDNLPLVVW 
Gallus_gallus                       -----------------------MAARGGNKFSVLLPTYNERENLPLVVW 
Danio_rerio                         ---------------MASRRSNAKSRDKPDKYSVLLPTYNERENLPLIVW 
Branchiostoma_floridae              ----------------------MASKKGSDKYSVLLPTYNERDNLPLIVW 
Strongylocentrotus_purpuratus       -----------------------MPRSKADKYSILLPTYNEKENLPLITW 
Trichoplax_adhaerens                --------------------------MAQNKYSILLPTYNERENLPLIIW 
Apis_mellifera                      ------------MIEREQTKKDIKELTKNDKYSILLPTYNEIENLPIIIW 
Solenopsis_invicta                  ----------------------------NDKYSILLPTYNEVENLPIIIW 
1_Drosophila_melanogaster           -----------------RFLRTITMPTNGHKYSILMPTYNEKDNLPIIIW 
Drosophila_sechellia                ------------------------MPTNGHKYSILLPTYNEKDNLPIIIW 
Drosophila_yakuba                   ------------------------MPTNGHKYSILLPTYNEKDNLPIIIW 
Drosophila_erecta                   ------------------------MPTNGHKYSILLPTYNEKDNLPIIIW 
Drosophila_willistoni               ------------------------MPSNGHKYSILLPTYNEKDNLPIIIW 
Acyrthosiphon_pisum                 ---------------------------MPPKYSILLPTYNEKENLPVIVY 
Loa_loa                             ----------------------MSKDGSHPNYTVLLPTYNEKENLPVCIW 
Brugia_malayi                       -------------------------------------------------- 
Ascaris_suum                        ----------------------MMAGDARPLYSILLPTYNEKDNLPLCVF 
                                                                                       
 
Coprinopsis_cinerea_okayama7#1      LLAKTFQDND-------LAWEIIVVDDASPDGTQEIAKQLANVYGEDKIV 
Laccaria_bicolor_S238N-H82          LLANMFKEQK-------LAWEIIIVDDASPDGTQEIAKQLAKVYGEDRIV 
Schizophyllum_commune_H4-8          LLARVFEENE-------LAWEIIVVDDASPDGTQEVARQLAGVYGEDKIV 
Cryptococcus_gattii_WM276           LLAKTFESAG-------INWEIVIVDDASPDGTQEIAKQLAGIYGEDKIV 
Cryptococcus_neoformans_var._n      LLAKTFETDG-------INWEIVIVDDASPDGTQEIAKQLAGIYGEDKIV 
Candida_albicans_SC5314             LLNKTFTANK-------LDWEVIIVDDNSPDGTQEIAKKLIDIFGPEHIQ 
Candida_dubliniensis_CD36           LLNKTFTANK-------LDWEVIIVDDNSPDGTQEIAKKLIDIFGPEHIQ 
Candida_tropicalis_MYA-3404         LLNKTFTANK-------LDWEVIIVDDNSPDGTQEVAKKLIDIFGSEHIQ 
Lodderomyces_elongisporus_NRRL      LLNKTFTEHK-------LEWEVIIVDDNSPDGTQEVAKKLIDIYGSKHIQ 
Scheffersomyces_stipitis_CBS_6      LLAETFKKNN-------IEWEVVIVDDNSPDGTQVVAKQLIDIFGADHIQ 
Clavispora_lusitaniae_ATCC_427      LLDKTFKKEK-------LDWEVIIVDDNSPDGTQDIAKKLIDVFGPEHIQ 
Debaryomyces_hansenii_CBS767        LLAKTFQAHE-------LDWEVIIVDDNSPDGTQIIAKELVNIFGEKHIQ 
Pichia_angusta_DL-1                 LIAKHFEKAG-------LNWEVIIVDDASPDGTQDVAKQLINLYGADHIQ 
Sclerotinia_sclerotiorum_1980       LLNRTFTEQG-------LDWELIIVDDGSPDGTQIVANQLAKAYSP-HVL 
Botryotinia_fuckeliana_B05.10       LLNRTFTEQG-------LDWELIIVDDGSPDGTQVVANQLAKAYSP-HVL 
bghT007426000001001                 -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      LLNKTFTEEN-------LDWELIIIDDGSPDGTQEIAAQLQKVYTPERIQ 
Pyrenophora_teres_f._teres_0-1      LLNKTFTEEN-------LDWELIIIDDGSPDGTQEVAAQLQKVYTPERIQ 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          LLNKTFTENN-------LDWELIIVDDGSPDGTQEVAAQLQKAYSPSRIQ 
Nectria_haematococca_mpVI_77-1      LLNRMFTEN-------NLEWELIIVDDGSPDGTQEVALQLVEAYSP-HVV 
Gibberella_zeae_PH-1                LLNRTFTEN-------NLDWELIIVDDGSPDGTQEVAQQLVKAYSP-HVL 
Metarhizium_acridum_CQMa_102        LLNRTFSERLTPIGNSKLDWELIIVDDGSPDGTQEVANQLVKAYSP-HVV 
Metarhizium_anisopliae_ARSEF_2      LLNRTFTE-------SKLDWELIIVDDGSPDGTQEVANQLVKAYAP-HVI 
Hypocrea_jecorina                   LLNRTFTEH-------QLDWELIIVDDGSPDGTQDVANQLVKAYAP-HVV 
Glomerella_graminicola_M1.001       LLNRTFTEN-------KLDWELIIVDDGSPDGTQEVANQLVKAYAP-HVI 
Neurospora_crassa_OR74A             LLNRTFSEQN-------IDWELVIVDDGSPDGTQDVAAQLVKLYAP-HVQ 
Sordaria_macrospora                 LLNRTFTEQN-------IDWELVIVDDGSPDGTQDVAAQLVKLYAP-HVQ 
Podospora_anserina_S_mat+           LLNRTFTEQN-------LDWELVIVDDGSPDGTQEVAAQLIKAYSP-HIQ 
Magnaporthe_oryzae_70-15            LLNKTFTENN-------INWELIIVDDGSPDGTQDVAKQLVEVFKP-HVV 
Grosmannia_clavigera_kw1407         LLNRMFTESK-------LDWELIIVDDGSPDGTEEVAKQLVKAYAP-HII 
Coccidioides_posadasii_C735_de      LIEKTFRENN-------LNWEVIIVDDASPDGTQEIAKQLQGLWGEDHIV 
Coccidioides_immitis_RS             LIEKTFRENN-------LDWEVIIVDDASPDGTQEIAKQLQGLWGEDHIV 
Uncinocarpus_reesii_1704            LIEKTFRENN-------LNWEVIIVDDASPDGTQDIAKQLQGLWGEDHIV 
Ajellomyces_capsulatus_NAm1         LIERTFRENK-------LDWEVIIVDDGSPDGTLEVAKQLQSLWGPEHIV 
Ajellomyces_capsulatus_H143         LIERTFRENK-------LDWEVIIVDDGSPDGTLEVAKQLQSLWGPEHIV 
Ajellomyces_dermatitidis_SLH14      LIEKTFREIN-------LDWEVIIVDDGSPDGTLEVAKQLQTLWGPEHIV 
2_Paracoccidioides_brasiliensi      LLEKTFRENN-------LDWEVIIVDDGSPDGTLEVAKQLQSLWGPQHII 
Paracoccidioides_brasiliensis       LLEKTFRENN-------LDWEVIIVDDGSPDGTLQVAKQLQSLWGPQHII 
Trichophyton_verrucosum_HKI_05      LIEKTFRENK-------LNWEVIIVDDGSPDGTLEIAKQLQAAYGEQHIV 
Arthroderma_benhamiae_CBS_1123      LIEKTFRENK-------LNWEVIIVDDGSPDGTLEISKQLQAAYGEQHIV 
Arthroderma_gypseum_CBS_118893      LIEKTFRENK-------LNWEVIIVDDGSPDGTIEVAKQLQAAYGEQHIV 
Arthroderma_otae_CBS_113480         LIEKTFRENK-------LNWEVIIVDDGSPDGTLEVAKQLQAAYGAQHIV 
Talaromyces_stipitatus_ATCC_10      LIEKTFRENN-------LDWEVIIVDDGSPDGTQEVAKQLQKVWGTEHII 
Penicillium_marneffei_ATCC_182      LIEKTFREQN-------LDWEVIIVDDGSPDGTQDVAKQLQKVWGTDHII 
Neosartorya_fischeri_NRRL_181       LLERTFRENN-------LDWEIVIVDDGSPDGTLEVAKQLQALWGPEHIN 
Aspergillus_fumigatus_Af293         LLERTFRENN-------LDWEIVIVDDGSPDGTLEVAKQLQTLWGSEHIN 
Aspergillus_clavatus_NRRL_1         LLERTFRENN-------LDWEIVIVDDGSPDGTLEVAKQLQALWGPEHIN 
Aspergillus_oryzae_RIB40            LLERTFRENN-------LDWEVVIVDDGSPDGTLEVAKQLQELWGPEHIN 
Aspergillus_niger_CBS_513.88        LLERTFRENN-------LNWEIIIVDDGSPDGTLDIARQLQKHYGSNHIL 
Aspergillus_nidulans_FGSC_A4        LLERTFRENK-------LDWEVIIVDDGSPDGTLDVAKQLQNVWGADHIV 
Penicillium_chrysogenum_Wiscon      LIQRTFNQEK-------LDWEVIIVDDGSPDGTLEIAKQLQKLYGPEHIV 
Tuber_melanosporum_Mel28            LLEKTFTEHK-------LDWELVIVDDASPDGTQEVAKQLISVYGADRIV 
Yarrowia_lipolytica                 LLHKTFTENN-------LDWEVIIVDDGSPDGTQEVAKELIAAYGD-NVV 
Xenopus__Silurana__tropicalis       LLVRCFRDSG-------YNYEIIVIDDGSPDGTLEVAQQLQKIYGSDKIL 
2_Xenopus_laevis                    LLVRCFRDSG-------YNYEIIVIDDGSPDGTLEVAQQLQKIYGSDKIL 
1_Xenopus_laevis                    LLVRCFRDSG-------YNYEIIVIDDGSPDGTLEVAQQLQKIYGSDKIL 
3_Mus_musculus                      -------------------------------------------------- 
3_Rattus_norvegicus                 -------------------------------------------------- 
1_Mus_musculus                      -----------------------------------FYLFVLTYCFFFLKL 
5_Mus_musculus                      LLVKSFSESA-------INYEIIIIDDGSPDGTREVAGQLAEIYGPDRIL 
4_Mus_musculus                      -------MTA-------INYEIIIIDDGSPDGTREVAEQLAEIYGPDRIL 
6_Mus_musculus                      IWYGPCRMTA-------INYEIIIIDDGSPDGTREVAEQLAEIYGPDRIL 
Cricetulus_griseus_MASPGASRGAS      --------------------------DGSPDGTREVAEQLEKIYGPDRIL 
Pongo_abelii                        LLVKSFSESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDRIL 
Pan_troglodytes                     LLVKSFCESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDRIL 
2_Homo_sapiens                      LLVKSFSESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDRIL 
Macaca_mulatta                      LLVKSFSESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDRIL 
Canis_familiaris                    LLVKSFSESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDKIL 
Ailuropoda_melanoleuca              LLVKSFSESG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSDKIL 
Equus_caballus                      LLVKSFSQSG-------INYEIIIIDDGSPDGTRDVAEQLEKIYGSNKIL 
1_Sus_scrofa                        LLVKSFSESG-------INYEIIIIDDGSPDGTRDIAEQLVKIYGSDKIL 
Monodelphis_domestica               LLVKSFGESG-------NNYEIIIIDDGSPDGTLEVAEQLKKIYGSDKIL 
1_Taeniopygia_guttata               -MATVRTQVG-------IDFEIIIIDDGSPDGTQEVAQQLEKIYGSDKIL 
2_Taeniopygia_guttata               LLVRTFRHSG-------IDFEIIIIDDGSPDGTKEVAQQLEKIYGSDKIL 
Gallus_gallus                       LLVRTFRESG-------TDFEVIIIDDGSPDGTQQVAEQLEKIYGSDKIL 
Danio_rerio                         LLVKYFGESG-------YNYEIIVIDDGSPDGTLQIAEQLQKIYGADKIL 
Branchiostoma_floridae              LLVRAFQESG-------HDFEIIVIDDGSPDGTLEVAQQLEKIYGKDKIV 
Strongylocentrotus_purpuratus       LIVKSFSESG-------HDFEIIVIDDGSPDGTLEVAKQLQDIYGSDKIV 
Trichoplax_adhaerens                LINKTLSESG-------IDFEVIIIDDGSPDGTLDVAKQLQKIFGEKKII 
Apis_mellifera                      LIIKYMDESD-------LDYEIIVIDDGSPDGTLDMAKQLQNVYGENKIV 
Solenopsis_invicta                  LIVKYMEESE-------LAYEIIVIDDGSPDGTLDMAKQLQCLYGDDKVI 
1_Drosophila_melanogaster           LIVKYMKASG-------LEYEVIVIDDGSPDGTLDVAKDLQKIYGEDKIV 
Drosophila_sechellia                LIVKYMKASG-------LEYEVIVIDDGSPDGTLDVAKDLQKIYGEDRIV 
Drosophila_yakuba                   LIVKYMKASG-------LEYEVIVIDDGSPDGTLDVAKDLQKIYGEDRVV 
Drosophila_erecta                   LIVKYMKASG-------LEYEVIVIDDGSPDGTLDVAKDLQKIYGEDRIV 
Drosophila_willistoni               LIVKYMKASG-------YEYEVIVIDDGSPDGTLDVAKDLQKIYGEDRIV 
Acyrthosiphon_pisum                 LIHKYLEISE-------IEYEIIIIDDGSPDGTLEVAKQLETIYGKDKIL 
Loa_loa                             LIEKYMRKAE-------FSYEVVIIDDNSPDGTMDVARKLEDEFGSDKII 
Brugia_malayi                       -------------------------------------------------- 
Ascaris_suum                        LIEKYLKETG-------FTYEVIIIDDNSPDGTLDVAKKLQNEFGDHKVI 
                                                                                       
 
Coprinopsis_cinerea_okayama7#1      LKPRAGKLGLGTAYIHGLNYVTGDFVIIMDADFSHHPKFIPQFIRLQKAH 
Laccaria_bicolor_S238N-H82          LRPRSGKLGLGTAYIHGLNFVTGDFVIIMDADFSHHPKFIPQFIRLQKAH 
Schizophyllum_commune_H4-8          LKPRSGKLGLGTAYIHGLNFCTGDFVIIMDADFSHHPKFIPQFIRQQKAH 
Cryptococcus_gattii_WM276           LKPRAGKLGLGTAYVHGLNYCTGNFVIIMDADFSHHPKFIPEFIRLQKLH 
Cryptococcus_neoformans_var._n      LKPRAGKLGLGTAYVHGLNYCTGNFVIIMDADFSHHPKFIPEFIKLQKLH 
Candida_albicans_SC5314             LRPRAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPEAIPEFIAKQKSQ 
Candida_dubliniensis_CD36           LRPRAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPEAIPEFIAKQKSQ 
Candida_tropicalis_MYA-3404         LRPRAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPEAIPEFIAKQKTE 
Lodderomyces_elongisporus_NRRL      LRPRAGKLGLGTAYVHGLQYVTGNFVIIMDADFSHHPEAIPEFIAKQKTE 
Scheffersomyces_stipitis_CBS_6      LRARAGKLGLGTAYVHGLQFVTGNYVIIMDADFSHHPEAIPEFIAKQKSE 
Clavispora_lusitaniae_ATCC_427      LRPRAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPEAIPQFIAKQKQG 
Debaryomyces_hansenii_CBS767        LRARAGKLGLGTAYVHGLQFVTGNYVIIMDADFSHHPEAIPQFIAKQKEQ 
Pichia_angusta_DL-1                 LRARAGKLGLGTAYIHGLQYATGNFVIIMDADFSHHPSSIPEFIKKQKEG 
Sclerotinia_sclerotiorum_1980       LKARAGKLGLGTAYVHGLQFVTGNYVIIMDADFSHHPKFISQMIAKQKTL 
Botryotinia_fuckeliana_B05.10       LKARAGKLGLGTAYVHGLQFVTGNYVIIMDADFSHHPKFISQMIAKQKTL 
bghT007426000001001                 -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      IRARAGKLGLGTAYVHGLQFATGNFVIIMDADFSHHPKFIAPMIALQKTK 
Pyrenophora_teres_f._teres_0-1      IRARAGKLGLGTAYVHGLQFATGNFVIIMDADFSHHPKFIAPMIALQKTK 
Leptosphaeria_maculans              ----------------------------MDADFSHHPKFIAPMITLQKTN 
Phaeosphaeria_nodorum_SN15          IRARAGKLGLGTAYVHGLQFATGNYVIIMDADFSHHPKFIADMIRVQKEK 
Nectria_haematococca_mpVI_77-1      LKTRTGKLGLGTAYVHGLQFVTGNFVVIMDADFSHHPKFIPQMVALQEKG 
Gibberella_zeae_PH-1                LKPRAGKLGLGTAYVHGLKFVTGNFVIIMDADFSHHPKFIPQMVALQEKG 
Metarhizium_acridum_CQMa_102        LKTRSGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKFIPQMVALQESG 
Metarhizium_anisopliae_ARSEF_2      LKTRSGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKFIPQMVALQESG 
Hypocrea_jecorina                   LKTRSGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKFIPQMIAVQKKG 
Glomerella_graminicola_M1.001       LKARTGKLGLGTAYVHGLQFVTGDFVIIMDADFSHHPKFIPQMVARQKEA 
Neurospora_crassa_OR74A             LQTRTGKLGLGTAYVHGLQFAKGNYIIIMDADFSHHPKFIPQMIAKQKAG 
Sordaria_macrospora                 LQTRTGKLGLGTAYVHGLQFAKGNYIIIMDADFSHHPKFIPQMIAKQKAS 
Podospora_anserina_S_mat+           LRPRTGKLGLGTAYVHGLKYAKGNYIVIMDADFSHHPKFIPQMIEKMKEG 
Magnaporthe_oryzae_70-15            LQTRTGKLGLGTAYVHGLQFAKGNYIIIMDADFSHHPKFIPQMIERQKSA 
Grosmannia_clavigera_kw1407         LQTRTGKLGLGTAYVHGLQFATGNFIIIMDADFSHHPKFIPQMIAKQKAG 
Coccidioides_posadasii_C735_de      LKARAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKFIPEMIKIQKET 
Coccidioides_immitis_RS             LKARAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKFIPEMIKIQKET 
Uncinocarpus_reesii_1704            LKPREGKLGLGTAYVHGLKFVTGNFVVIMDADFSHHPKFIPEMIKIQKET 
Ajellomyces_capsulatus_NAm1         LRPREGKLGLGTAYVHGLKSVSGNFVIIMDADFSHHPKFIPEMIKIQKET 
Ajellomyces_capsulatus_H143         LRPREGKLGLGTAYVHGLKSVSGNFVIIMDADFSHHPKFIPEMIKIQKET 
Ajellomyces_dermatitidis_SLH14      LRPREGKLGLGTAYVHGLKSATGNFVIIMDADFSHHPKFIPEMIKIQKET 
2_Paracoccidioides_brasiliensi      LKPREGKLGLGTAYVHGLKFTTGNFVIIMDADFSHHPKFIPEMIKIQKET 
Paracoccidioides_brasiliensis       LKPREGKLGLGTAYVHGLKFTTGNFVIIMDADFSHHPKFIPEMIKIQKDT 
Trichophyton_verrucosum_HKI_05      LKPREGKLGLGTAYVHGLKFATGNFIIIMDADFSHHPKFIPEMIKIQEST 
Arthroderma_benhamiae_CBS_1123      LKPREGKLGLGTAYVHGLKFATGNFIIIMDADFSHHPKFIPEMIKIQEST 
Arthroderma_gypseum_CBS_118893      LKPREGKLGLGTAYVHGLKFATGNFIIIMDADFSHHPKFIPEMIKIQEST 
Arthroderma_otae_CBS_113480         LKPREGKLGLGTAYVHGLKFATGNFIIIMDADFSHHPKFIPEMIKIQEST 
Talaromyces_stipitatus_ATCC_10      LKPRAGKLGLGTAYVHGLQFATGNFVIIMDADFSHHPKYIPKMIEIQKET 
Penicillium_marneffei_ATCC_182      LKPRAGKLGLGTAYVHGLQFVTGNFVIIMDADFSHHPKYIPKMIEIQKQS 
Neosartorya_fischeri_NRRL_181       LKPRAGKLGLGTAYVHGLQYVRGNYVIIMDADFSHHPKFIPEMIRIQKET 
Aspergillus_fumigatus_Af293         LKPRAGKLGLGTAYVHGLQYVRGNYVIIMDADFSHHPKFIPEMIRIQKET 
Aspergillus_clavatus_NRRL_1         LKPRAGKLGLGTAYVHGLQYVRGNYVIIMDADFSHHPKFIPEMIRIQGAT 
Aspergillus_oryzae_RIB40            LKPREGKLGLGTAYVHGLQYATGNFVIIMDADFSHHPKFIPEMIRIQKET 
Aspergillus_niger_CBS_513.88        LHPRAGKLGLGTAYIHGLQFTTGNYVIIMDADFSHHPKFIPEMIRIQKLG 
Aspergillus_nidulans_FGSC_A4        LKPRAGKLGLGTAYVHGLQFTTGNFVIIMDADFSHHPKFIPEMVRIQKET 
Penicillium_chrysogenum_Wiscon      LKPRQGKLGLGTAYVHGLKHTTGNFVIIMDADFSHHPKFIPEMIRIQKET 
Tuber_melanosporum_Mel28            LKPRAGKLGLGTAYVHGLQFATGNFVIIMDADFSHHPKFIADFIALQKTK 
Yarrowia_lipolytica                 LKPRAGKLGLGTAYVHGLQFARGNFVIIMDADFSHHPESIPEFIALQKKN 
Xenopus__Silurana__tropicalis       LRPRAKKLGLGTAYVHGMQHATGNFIIIMDADLSHHPKFIPEFIRKQKEG 
2_Xenopus_laevis                    LRPRAQKLGLGTAYVHGMQHATGNFIIIMDADLSHHPKFIPEFIRKQKEG 
1_Xenopus_laevis                    LRPRAKKLGLGTAYVHGMQHATGNFIIIMDADLSHHPKFIPEFIRKQKEG 
3_Mus_musculus                      --------------------------------------MLTSPTMKQKEG 
3_Rattus_norvegicus                 ----------------------------MPQETMSSLWMQTSRTMKQKEG 
1_Mus_musculus                      LRPREKKLGLGTAYIHGIKHATGNYVIIMDADLSHHPKFIPEFIRKQKEG 
5_Mus_musculus                      LRPREKKLGLGTAYIHGIKHATGNYVIIMDADLYHHPKFIPEFIRKQKEG 
4_Mus_musculus                      LRPREKKLGLGTAYIHGIKHATGNYVIIMDADLSHHPKFIPEFIRKQKEG 
6_Mus_musculus                      LRPREKKLGLGTAYIHGIKHATGNYVIIMDADLSHHPKFIPEFIRKQKEG 
Cricetulus_griseus_MASPGASRGAS      LRPREKKLGLGTAYIHGIKHATGNYVIIMDADLSHHPKFIPEFIRKQKEG 
Pongo_abelii                        LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Pan_troglodytes                     LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
2_Homo_sapiens                      LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Macaca_mulatta                      LKPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Canis_familiaris                    LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Ailuropoda_melanoleuca              LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Equus_caballus                      LRPREKKLGLGTAYIHGLKYATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
1_Sus_scrofa                        LRPREKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFIRKQKEG 
Monodelphis_domestica               LRPRAKKLGLGTAYIHGMQHATGNFIIIMDADLSHHPKFIPEFIRKQKEG 
1_Taeniopygia_guttata               LRPRARKLGLGTAYIHGMKYATGNFIVIMDADLSHHPKFIPEFIRKQQEG 
2_Taeniopygia_guttata               LRPRARKLGLGTAYIHGMKYATGNFIVIMDADLSHHPKFIPEFIRKQQEG 
Gallus_gallus                       LRPRPKKLGLGTAYIHGMKHATGNFIVIMDADLSHHPKFIPEFIRKQKEG 
Danio_rerio                         LRPRAEKLGLGTAYIHGIKHATGNFVIIMDADLSHHPKFIPQFIEKQKEG 
Branchiostoma_floridae              LRPRAKKLGLGTAYIHGMKHATGNYIIIMDADLSHHPKFIPEFISKQQEK 
Strongylocentrotus_purpuratus       LRPRAKKLGLGTAYIHGIKHATGNFIIIMDADLSHHPKFISEFIRLQKEE 
Trichoplax_adhaerens                LRPREKKLGLGTAYIHGIKHATGNYIIIMDADLSHHPKFIPQFIKKQKEG 
Apis_mellifera                      LRPREKKLGLGTAYMHGIKHATGNFIVIMDADLSHHPKFIPKMIEQQRYL 
Solenopsis_invicta                  LKPREKKLGLGTAYIHGIKYATGNFIVIMDADLSHHPKFIPKMAELQRYL 
1_Drosophila_melanogaster           LRPRGSKLGLGTAYIHGIKHATGDFIVIIDADLSHHPKFIPEFIKLQQEG 
Drosophila_sechellia                LRPRGSKLGLGTAYIHGIKHATGDFIVIIDADLSHHPKFIPEFIKLQQEG 
Drosophila_yakuba                   LRPRGSKLGLGTAYIHGIKHATGDFIVIIDADLSHHPKFIPEFIKLQQEG 
Drosophila_erecta                   LKPRGSKLGLGTAYIHGIKHATGDFIVIIDADLSHHPKFIPEFIKLQQEG 
Drosophila_willistoni               LRPRTAKLGLGTAYIHGIKHATGDFIIIIDADLSHHPKFIPEFIELQAKG 
Acyrthosiphon_pisum                 LRPRGKKLGLGTAYIHGMKHATGDFIIIMDADLSHHPKFILDFLKKQAEQ 
Loa_loa                             LRPRARKLGLGTAYAHGLQFARGDYVILMDADLSHHPKFIPEMIKLQQRK 
Brugia_malayi                       -MFNEILLGLGTAYTHGLQFARGDYVILMDADLSHHPKFIPEMIKLQQHK 
Ascaris_suum                        LRPRAGKLGLGTAYTHGLQSARGDFIVLMDADLSHHPKFIPQMIALQRDH 
                                                                                       
 
Coprinopsis_cinerea_okayama7#1      N----LDIVTGTRYRSTSTPYTTDAQ------PGGVHGWDLKRKLVSRGA 
Laccaria_bicolor_S238N-H82          N----LDIVTGTRYRSTSTPYLADAT------PGGVHGWDLKRKLVSRGA 
Schizophyllum_commune_H4-8          N----FDIVTGTRYRSTAKPAMVDQK------PGGVFGWDLRRKLVSRGA 
Cryptococcus_gattii_WM276           N----LDIVTGTRYSSHPSPTPTASSPSIGLGPGGVYGWDLKRKLVSRGA 
Cryptococcus_neoformans_var._n      N----LDIVTGTRYSSHPSPKPTASSLSIGLGPGGVYGWDLKRKLVSRGA 
Candida_albicans_SC5314             ----DYDIVTGTRYAG----------------DGGVFGWDFKRKLISRGA 
Candida_dubliniensis_CD36           ----DYDIVTGTRYAG----------------DGGVYGWDFKRKLISRGA 
Candida_tropicalis_MYA-3404         ----DFDIVTGTRYAG----------------DGGVYGWDFKRKLISRGA 
Lodderomyces_elongisporus_NRRL      ----DYDIVTGTRYAG----------------NGGVYGWDFKRKLISRGA 
Scheffersomyces_stipitis_CBS_6      ----NFDIVTGTRYAG----------------DGGVFGWDLKRKLVSRGA 
Clavispora_lusitaniae_ATCC_427      ----NYDIVTGTRYAG----------------DGGVYGWDLKRKLVSRGA 
Debaryomyces_hansenii_CBS767        ----DYDIVTGTRYAG----------------DGGVYGWDLKRKLVSRGA 
Pichia_angusta_DL-1                 ----DYDIVTGTRYAG----------------DGGVYGWDLKRKLISRGA 
Sclerotinia_sclerotiorum_1980       PTNGGYDIVTGTRYAG----------------DGGVFGWDLKRKLVSRGA 
Botryotinia_fuckeliana_B05.10       STNGGYDIVTGTRYAG----------------DGGVFGWDLKRKLVSRGA 
bghT007426000001001                 ---GGYDIVTGTRYAS----------------GGGVSGWDLKRKLISRGA 
Pyrenophora_tritici-repentis_P      ----NYDIVTGTRYAG----------------DGGVFGWDLKRKFVSRGA 
Pyrenophora_teres_f._teres_0-1      ----NYDIVTGTRYAG----------------DGGVFGWDLKRKFVSRGA 
Leptosphaeria_maculans              ----NYDIVTGTRYAG----------------DGGVFGWDLKRKFVSRGA 
Phaeosphaeria_nodorum_SN15          ----NYDIVTGTRYAG----------------NGGVYGWDLKRKFVSRGA 
Nectria_haematococca_mpVI_77-1      ----NYDIVTGTRYAG----------------DGGVYGWDLKRKFVSRGA 
Gibberella_zeae_PH-1                ----NYDIVTGTRYAG----------------DGGVFGWDLKRKFVSRGA 
Metarhizium_acridum_CQMa_102        ----NYDIVTGTRYAG----------------NGGVYGWDLKRKFVSRGA 
Metarhizium_anisopliae_ARSEF_2      ----NYDIVTGTRYAG----------------NGGVYGWDLKRKFVSRGA 
Hypocrea_jecorina                   ----NYDIVTGTRYAG----------------NGGVFGWDLKRKFVSRGA 
Glomerella_graminicola_M1.001       ----DYDIVTGTRYAG----------------NGGVYGWDLKRKFVSRGA 
Neurospora_crassa_OR74A             ----NYDIVTGTRYAG----------------DGGVYGWDLKRKLTSKGA 
Sordaria_macrospora                 ----NYDIVTGTRYAG----------------DGGVYGWDLKRKLTSKGA 
Podospora_anserina_S_mat+           ----DYDIVTGTRYAG----------------DGGVYGWDLKRKLTSKGA 
Magnaporthe_oryzae_70-15            ----DYDIVTGTRYAP----------------GGGVHGWDLKRRMTSKGA 
Grosmannia_clavigera_kw1407         ----DYDIVTGTRYAP----------------GGGVYGWDLKRKLTSKGA 
Coccidioides_posadasii_C735_de      ----GCDIVTGTRYANRDHL------------HGGVYGWDLKRKLTSRGA 
Coccidioides_immitis_RS             ----GCDIVTGTRYANRDHL------------HGGVYGWDLKRKLTSRGA 
Uncinocarpus_reesii_1704            ----NCDIVSGTRYANRGNL------------RGGVYGWDLWRKLTSRGA 
Ajellomyces_capsulatus_NAm1         ----NCDIVTGTRYASRGNL------------RGGVYGWDLVRKLTSRGA 
Ajellomyces_capsulatus_H143         ----NCDIVTGTRYASRGNL------------RGGVYGWDLVRKLTSRGA 
Ajellomyces_dermatitidis_SLH14      ----NCDIVTGTRYASRGDL------------RGGVYGWDLVRKLTSRGA 
2_Paracoccidioides_brasiliensi      ----SCDIVTGTRYASRGNL------------RGGVYGWDLVRKLTSRGA 
Paracoccidioides_brasiliensis       ----NCDIVTGTRYGFRGNL------------RGGVYGWDLVRKLTSRGA 
Trichophyton_verrucosum_HKI_05      ----KADIVTGTRYASRGNL------------RGGVYGWDLVRKLTSRGA 
Arthroderma_benhamiae_CBS_1123      ----KADIVTGTRYASRGNL------------RGGVYGWDLIRKLTSRGA 
Arthroderma_gypseum_CBS_118893      ----KADIVTGTRYASRGNL------------RGGVYGWDLIRKLTSRGA 
Arthroderma_otae_CBS_113480         ----KADIVTGTRYASRGNL------------RGGVYGWDLIRKLTSRGA 
Talaromyces_stipitatus_ATCC_10      ----NADIVTGTRYAKRGDL------------RGGVYGWDLIRKFTSRGA 
Penicillium_marneffei_ATCC_182      ----NADIVTGTRYAKRGDL------------KGGVYGWDLIRKFTSRGA 
Neosartorya_fischeri_NRRL_181       ----DADIVTGTRYASREGI------------KGGVYGWDLFRKFTSRTA 
Aspergillus_fumigatus_Af293         ----DADIVTGTRYASRDGI------------KGGVYGWDLFRKFTSRTA 
Aspergillus_clavatus_NRRL_1         ----DADIVTGTRYASRDGL------------SGGVYGWDLFRKFTSRTA 
Aspergillus_oryzae_RIB40            ----EADIVTGTRYANRDNI------------KGGVYGWDLFRKFTSRTA 
Aspergillus_niger_CBS_513.88        ----DADIVTGTRYASRDGI------------KGGVYGWDLFRKFTSRTA 
Aspergillus_nidulans_FGSC_A4        ----DADIVTGTRYASRDGI------------RGGVYGWDLFRKFTSRTA 
Penicillium_chrysogenum_Wiscon      ----DADIVTGTRYASRGDI------------KGGVYGWDLFRKFTSRTA 
Tuber_melanosporum_Mel28            ----DYDIVTGTRYAG----------------NGGVYGWDFKRKLVSRGA 
Yarrowia_lipolytica                 ----NHDIVTGTRYAG----------------NGGVYGWDLKRKLVSRGA 
Xenopus__Silurana__tropicalis       ----SYDIVSGTRYSG----------------NGGVYGWDLKRKLISRGA 
2_Xenopus_laevis                    ----SYDIVSGTRYSG----------------NGGVYGWDLKRKLISRGA 
1_Xenopus_laevis                    ----SYDIVSGTRYAG----------------NGGVYGWDLKRKLISRGA 
3_Mus_musculus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
3_Rattus_norvegicus                 ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
1_Mus_musculus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
5_Mus_musculus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
4_Mus_musculus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
6_Mus_musculus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Cricetulus_griseus_MASPGASRGAS      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Pongo_abelii                        ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Pan_troglodytes                     ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
2_Homo_sapiens                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Macaca_mulatta                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Canis_familiaris                    ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Ailuropoda_melanoleuca              ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Equus_caballus                      ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
1_Sus_scrofa                        ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
Monodelphis_domestica               ----NFDIVSGTRYKG----------------NGGVYGWDLKRKIISRGA 
1_Taeniopygia_guttata               ----NFDIVSGTRYKG----------------NGGVYGWDLKRKLISRGA 
2_Taeniopygia_guttata               ----NFDIVSGTRYKG----------------NGGVYGWDLKRKLISRGA 
Gallus_gallus                       ----NFDIVSGTRYKG----------------DGGVYGWDLKRKLISRGA 
Danio_rerio                         ----GYDLVSGTRYRG----------------DGGVYGWDLRRKLISRGA 
Branchiostoma_floridae              ----NYDVVSGTRYRG----------------SGGVYGWDLKRKLISRGA 
Strongylocentrotus_purpuratus       ----QCDVVSGTRYAG----------------NGGVYGWDLKRKIISRGA 
Trichoplax_adhaerens                ----NYDIISGTRYIG----------------DGGVYGWDLRRKLISRGA 
Apis_mellifera                      ----DLDIVSGTRYAQ----------------GGGVYGWDFKRKLISRGA 
Solenopsis_invicta                  ----DLDIVSGTRYAQ----------------GGGVYGWDFKRKLVSRGA 
1_Drosophila_melanogaster           ----NYDIVSGTRYAG----------------NGGVFGWDFKRKLISRGA 
Drosophila_sechellia                ----NYDIVSGTRYAG----------------NGGVFGWDFKRKLISRGA 
Drosophila_yakuba                   ----NYDIVSGTRYAG----------------NGGVFGWDFKRKLISRGA 
Drosophila_erecta                   ----NYDIVSGTRYAG----------------NGGVFGWDFKRKLISRGA 
Drosophila_willistoni               ----DYDIVSGTRYAG----------------DGGVFGWDFKRKLISRGA 
Acyrthosiphon_pisum                 ----DYDVVTGSRYIG----------------NGGVSGWDFKRKLVSRGA 
Loa_loa                             ----NYDIVTGTRYAG----------------GGGVSGWDLRRKFVSRGA 
Brugia_malayi                       ----NYDIVTGTRYAR----------------GGGVSGWDLKRKFVSRGA 
Ascaris_suum                        ----NYDIVTGTRYAL----------------GGGVAGWDLKRKTISRGA 
                                          *:::*:**                   *** ***: *:  *: * 
 
Coprinopsis_cinerea_okayama7#1      NFLAATVLNPGVSDLTGSFRLYRLPVLRHIISETVSKGYVFQMEMMVRAR 
Laccaria_bicolor_S238N-H82          NFLAATVLSPGISDLTGSFRLYRLPVLRHIITETVSKGYVFQMEMMVRAR 
Schizophyllum_commune_H4-8          NFLAMTVLNPGVSDVTGSFRLYRLPVLRHIITVTESKGYVFQMEMMVRAK 
Cryptococcus_gattii_WM276           NYLADTVLNPGVSDLTGSFRLYRLHVIKDIISRCTSKGYVFQMEIIVRAR 
Cryptococcus_neoformans_var._n      NYLADTVLTPGVSDLTGSFRLYRLHVIKDIISRCTSKGYVFQMEIIVRAR 
Candida_albicans_SC5314             NFLASVVLRPHVSDLTGSFRLYKTDVLKKIIDVTQSKGYVFQMEMMVRAK 
Candida_dubliniensis_CD36           NFLASVVLRPHVSDLTGSFRLYKTEVLRKIIDVTQSKGYVFQMEMMVRAK 
Candida_tropicalis_MYA-3404         NFLASVVLRPNVSDLTGSFRLYKTEVLRKIIDVTQSKGYVFQMEMMVRAK 
Lodderomyces_elongisporus_NRRL      NFLATVVLRPNVSDLTGSFRLYKTDVLKKIIDVTQSKGYVFQMEMMVRAR 
Scheffersomyces_stipitis_CBS_6      NFLAATTLRPNVSDLTGSFRLYKKDALAKIIEVTQSKGYVFQMEMMVRAR 
Clavispora_lusitaniae_ATCC_427      NFLASTVLRPHVSDLTGSFRLYKKDVLAKVISETKSKGYVFQMEMMVRAK 
Debaryomyces_hansenii_CBS767        NFLAATVLRPGVSDLTGSFRLYKKQVLAKVIDETKSKGYVFQMEMMVRAK 
Pichia_angusta_DL-1                 NFLATVVLRPHVSDLTGSFRLYKKDVLAKIIGATKSKGYVFQMEMMVRAR 
Sclerotinia_sclerotiorum_1980       NLFADTVLRPGVSDLTGSFRLYKKAVLQKVIESTESKGYTFQMEMMVRAK 
Botryotinia_fuckeliana_B05.10       NLFADTVLRPEVSDLTGSFRLYKKAVLQKVIESTESKGYTFQMEMMVRAK 
bghT007426000001001                 NLFADTVLRPGVSDLTGSFRLYKYAVLKKIIESTESKGYTFQMEMMVRAK 
Pyrenophora_tritici-repentis_P      NLFADTVLRPGVSDLTGSFRLYKKEVLQKVIRSTESKGYTFQMEMMVRAK 
Pyrenophora_teres_f._teres_0-1      NLFADTVLRPGVSDLTGSFRLYKKDVLQKVIRSTESKGYTFQMEMMVRAK 
Leptosphaeria_maculans              NLFADTVLRPGVSDLTGSFRLYKKEVLQKVIRSTESKGYTFQMEMMVRAK 
Phaeosphaeria_nodorum_SN15          NLFADTVLRPGVSDLTGSFRLYKKEVLQKVIKQTESKGYTFQMELMVRAK 
Nectria_haematococca_mpVI_77-1      NLFADTVLRPGVSDLTGSFRLYKRSVLEKVISSTESKGYSFQMEMMVRAK 
Gibberella_zeae_PH-1                NLFADTVLRPGVSDLTGSFRLYKRAALEKAIATTESKGYSFQMELMVRAK 
Metarhizium_acridum_CQMa_102        NLFADTVLRPGVSDLTGSFRLYKKSVLEKVISSTESKGYSFQMEMMVRAK 
Metarhizium_anisopliae_ARSEF_2      NLFADTVLRPGVSDLTGSFRLYKKSVLEKVIGSTESKGYSFQMEMMVRAK 
Hypocrea_jecorina                   NLFADTVLRPGVSDLTGSFRLYKKSVLEKVISSTESKGYTFQMEMMVRAK 
Glomerella_graminicola_M1.001       NLFADTVLRPGVSDLTGSFRLYKKSILDKVISSTESKGYTFQMEMMVRAK 
Neurospora_crassa_OR74A             NIFADTVLRPGVSDLTGSFRLYKRDVLEKLFQSTDIRGFTMQMALAVTAK 
Sordaria_macrospora                 NIFADTVLRPGVSDLTGSFRLYKRDVLEKLFQSTDIRGFTMQMALAVTAK 
Podospora_anserina_S_mat+           NIFADTVLRPGVSDLTGSFRLYKRAVLEKLFESTDARGFTMQMALAVTAK 
Magnaporthe_oryzae_70-15            NILADTLLRPGVSDLTGSFRLYKRNVLEKLFETTDVRGFSMQMALAVTAK 
Grosmannia_clavigera_kw1407         NIFADTVLRPGVSDLTGSFRLYKRAVLEKLFESTDVRGFSMQMALAVTAK 
Coccidioides_posadasii_C735_de      NLIADVMLMPGVSDLTGSFRLYKKQVLEKVIKSTESKGYTFQMEMMVRAK 
Coccidioides_immitis_RS             NLIADVMLMPGVSDLTGSFRLYKKQVLEKVIKSTESKGYTFQMEMMVRAK 
Uncinocarpus_reesii_1704            NLIADIMLMPGVSDLTGSFRLYKKSVLERVIRVTESKGYTFQMEMMVRAK 
Ajellomyces_capsulatus_NAm1         NLIADVMLMPGVSDLTGSFRLYKKPVLEKVIKSTESKGYTFQMEMMVRAK 
Ajellomyces_capsulatus_H143         NLIADVMLMPGVSDLTGSFRLYKKPVLEKVIKSTESKGYTFQMEMMVRAK 
Ajellomyces_dermatitidis_SLH14      NLIADVMLMPGVSDLTGSFRLYRKPVLEKVIKSTESKGYTFQMEMMVRAK 
2_Paracoccidioides_brasiliensi      NLIADMMLMPGVSDLTGSFRLYKKPVLEKVIKSTESKGYTFQMEMMVRAK 
Paracoccidioides_brasiliensis       NLIADMMLMPGVSDLTGSFRLYKKPVLEKVIKSTESKGYTFQMEMMVRAK 
Trichophyton_verrucosum_HKI_05      NLIADVALMPGVSDLTGSFRLYKKPVLEKVIKVTESKGYTFQMEMMVRAK 
Arthroderma_benhamiae_CBS_1123      NLIADVALMPGVSDLTGSFRLYKKPVLEKVIKVTESKGYTFQMEMMVRAK 
Arthroderma_gypseum_CBS_118893      NLIADVALMPGVSDLTGSFRLYKKPVLEKVIKVTESKGYTFQMEMMVRAK 
Arthroderma_otae_CBS_113480         NLIADVALMPGVSDLTGSFRLYKKPVLEKVIKVTESKGYTFQMEMMVRAK 
Talaromyces_stipitatus_ATCC_10      NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIISTESKGYSFQMEMMVRAK 
Penicillium_marneffei_ATCC_182      NLIADVMLMPGVSDLTGSFRLYKKSVLENVITSTESKGYSFQMEMMVRAK 
Neosartorya_fischeri_NRRL_181       NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIHSTQSKGYSFQMEMMVRAK 
Aspergillus_fumigatus_Af293         NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIHSTQSKGYSFQMEMMVRAK 
Aspergillus_clavatus_NRRL_1         NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIASTQSKGYSFQMEMMVRAK 
Aspergillus_oryzae_RIB40            NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIHSTQSKGYSFQMEMMVRAK 
Aspergillus_niger_CBS_513.88        NLIADVMLMPGVSDLTGSFRLYKKSVLEKVIHSTQSKGYSFQMEMMVRAK 
Aspergillus_nidulans_FGSC_A4        NLIADVMLMPGVSDLTGSFRLYRKSVLEKVISSTQSKGYSFQMEMMVRAK 
Penicillium_chrysogenum_Wiscon      NLIADVMLMPGVSDLTGSFRLYKKAVLEKVILNTESKGYSFQMEMMVRAK 
Tuber_melanosporum_Mel28            NLLASVVLRPNVSDLTGSFRLYKRKVLETVISQTESKGYTFQMEMMVRAR 
Yarrowia_lipolytica                 NFLATLVLRPHISDVTGSFRLYKKPVLDKVIHSTKSKGYVFQMEMIVRAR 
Xenopus__Silurana__tropicalis       NFVTQVLLRPGASDLTGSFRLYRKDVLQKLVERCVSKGYVFQMEMIVRAR 
2_Xenopus_laevis                    NFITQVLLRPGASDLTGSFRLYRKDVLQKLVERCVSKGYVFQMEMIVRAR 
1_Xenopus_laevis                    NFITQVLLRPGASDLTGSFRLYRKDVLQKLVERCVSKGYVFQMEMIVRAR 
3_Mus_musculus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
3_Rattus_norvegicus                 NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
1_Mus_musculus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
5_Mus_musculus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
4_Mus_musculus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
6_Mus_musculus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
Cricetulus_griseus_MASPGASRGAS      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
Pongo_abelii                        NFLTQILLRPGASDLTGSFRLYRKEVLEKLIEKCVSKGYVFQMEMIVRAR 
Pan_troglodytes                     NFLTQILLRPGASDLTGSFRLYRKEVLEKLIEKCVSKGYVFQMEMIVRAR 
2_Homo_sapiens                      NFLTQILLRPGASDLTGSFRLYRKEVLEKLIEKCVSKGYVFQMEMIVRAR 
Macaca_mulatta                      NFLTQILLRPGASDLTGSFRLYRKEVLEKLIEKCVSKGYVFQMEMIVRAR 
Canis_familiaris                    NFLTQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
Ailuropoda_melanoleuca              NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
Equus_caballus                      NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIIRAR 
1_Sus_scrofa                        NFITQILLRPGASDLTGSFRLYRKEVLQKLIEKCVSKGYVFQMEMIVRAR 
Monodelphis_domestica               NFLTQILLRPGVSDLTGSFRLYRKEVLQKLMEKCVSKGYVFQMEMIVRAR 
1_Taeniopygia_guttata               NFLTQVLLRPGASDLTGSFRLYRKEVLEKLMEKCVSKGYVFQMEMIVRAR 
2_Taeniopygia_guttata               NFLTQVLLRPGASDLTGSFRLYRKEVLEKLMEKCVSKGYVFQMEMIVRAR 
Gallus_gallus                       NFITQVLLRPGASDLTGSFRLYRKEVLEKLMEKCVSKGYVFQMEMIVRAR 
Danio_rerio                         NFVTQVLLRPGASDLTGSFRLYKKEVLEKLVEQCVSKGYVFQMEMIVRAR 
Branchiostoma_floridae              NYLTQVLLRPGASDLTGSFRLYKKAVLEKLVESCVSKGYVFQMEMIVRAR 
Strongylocentrotus_purpuratus       NFLAQVLLRPGASDLTGSFRLYKKEVLQRLIDSCVSKGYVFQMEMIVRAR 
Trichoplax_adhaerens                NFLARVLLRPGASDLTGSFRLYKKEILEKLIAACGSKGYVFQMEMIVRAR 
Apis_mellifera                      NFLTQLLLRPGASDLTGSFRLYKKDVLEKLIQSCISKGYVFQMEMIVRAR 
Solenopsis_invicta                  NFLTQILLRPGASDLTGSFRLYKKDVLEKLIQSCVSKGYVFQMEMIIRAR 
1_Drosophila_melanogaster           NFLSQVLLRPNASDLTGSFRLYKKDVLEKCIASCVSKGYVFQMEMLVRAR 
Drosophila_sechellia                NFLSQVLLRPNASDLTGSFRLYKKDVLEKCIASCVSKGYVFQMEMLVRAR 
Drosophila_yakuba                   NFLSQVLLRPNASDLTGSFRLYKKDVLEKCIASCVSKGYVFQMEMLVRAR 
Drosophila_erecta                   NFLSQVLLRPNASDLTGSFRLYKKDVLEKCIASCVSKGYVFQMEMLVRAR 
Drosophila_willistoni               NFLSQILLRPNASDLTGSFRLYKKDVLEKCIASCVSKGYVFQMEMLVRAR 
Acyrthosiphon_pisum                 NFVSQLLLRPKVSDLTGSFRLYKKPVLEKLIESCISKGYVFQMEMMVRAR 
Loa_loa                             NFLAQFLLRPGVSDLTGSFRLYRKDVLARLIADSVSKGYVFQMEMMFRAS 
Brugia_malayi                       NFLAQFLLRPGVSDLTGSFRLYRKDVLARLIADSVSKGYVFQMEMMFRAS 
Ascaris_suum                        NFLAQFALQPGVSDLTGSFRLYRKEILAKLIADSISKGYVFQMEMMFRAK 
                                    * .:   * *  **:*******:   :   .     :*: :** : . *  
 
Coprinopsis_cinerea_okayama7#1      ALGYTVGEVPITFVDRIFGESKLGADEIVSYAKGVWTLFSTV- 
Laccaria_bicolor_S238N-H82          ALGYSVGEVPITFVDRIFGESKLGADEIVSYAKGVWTLFMGV- 
Schizophyllum_commune_H4-8          ALGYSVGEVPITFVDRIFGESKLGADEIVSYAKGVWGLFTGV- 
Cryptococcus_gattii_WM276           ALGYTVGEVPITFVDRIYGESKLSGNEIVGYAKGVASLWWSV- 
Cryptococcus_neoformans_var._n      ALGYTVGEVPITFVDRIYGESKLSGNEIVGYAKGVASLWWSV- 
Candida_albicans_SC5314             AMGFTVGEVPISFVDRLYGESKLGGDEIVQYAKGVWTLFTSV- 
Candida_dubliniensis_CD36           AMGFTVGEVPISFVDRLYGESKLGGDEIVQYAKGVWTLFTNV- 
Candida_tropicalis_MYA-3404         AMGFTVGEVPISFVDRLYGESKLGGDEIVQYGKGVWTLFTSV- 
Lodderomyces_elongisporus_NRRL      SLGFTVGEVPISFVDRLYGESKLGGDEIVLYAKGVWALFTSV- 
Scheffersomyces_stipitis_CBS_6      SLGFKIGEVPISFVDRLYGESKLGGDEIVGYLKGVWTLFTSV- 
Clavispora_lusitaniae_ATCC_427      ALGFTVGECPINFVDRLYGESKLGGDEIVQYLKGVWSLFISV- 
Debaryomyces_hansenii_CBS767        ALGYNVGEVPISFVDRLYGESKLGGDEIVGYLKGVWSLFTSV- 
Pichia_angusta_DL-1                 AMGFTIAEVPISFVDRLYGESKLGGDEIIGYLKGVWNLFTSV- 
Sclerotinia_sclerotiorum_1980       AMGCTVAEVPISFVDRVYGESKLGGDEIVEYAKGVLNLWMKV- 
Botryotinia_fuckeliana_B05.10       AMGCTVAEVPISFVDRVYGESKLGGDEIVEYAKGVLNLWMKV- 
bghT007426000001001                 AMGYTVAEVPITFVDRLYGESKLGGDEILEYAKGVLSLWIKV- 
Pyrenophora_tritici-repentis_P      AMGCTVAEVPISFVDRLYGESKLGGDEIVEYAKGVLALWMKV- 
Pyrenophora_teres_f._teres_0-1      AMGCTVAEVPISFVDRLYGESKLGGDEIVEYAKGVLALWMKV- 
Leptosphaeria_maculans              AMGCTVAEVPISFVDRLYGESKLGGDEIVEYAKGVLNLWLKV- 
Phaeosphaeria_nodorum_SN15          AMGCTVAEVPISFVDRLYGESKLGGDEIVEYAKGVLNLWLKV- 
Nectria_haematococca_mpVI_77-1      AMGCTVAEVPISFVDRLYGESKLGGDEIVQYAQGVFNLWLKV- 
Gibberella_zeae_PH-1                AMGCTVAEVPISFVDRLYGESKLGGDEIVQYAQGVFNLWLKV- 
Metarhizium_acridum_CQMa_102        AMGCTVAEVPISFVDRLYGESKLGGSEIVEYAKGVFSLWLKV- 
Metarhizium_anisopliae_ARSEF_2      AMGCTVAEVPISFVDRLYGESKLGGSEIVEYAKGVFSLWLKV- 
Hypocrea_jecorina                   AMGCTVAEVPISFVDRVYGESKLGGDEIVEYAKGVFSLWLKV- 
Glomerella_graminicola_M1.001       AMGCSVAEVPISFVDRVYGDSKLGGDEIVEYAKGVLSLWMKV- 
Neurospora_crassa_OR74A             SQGFSIAEVPISFVDRVYGDSKLGGEEIVEYAKGVLQLWWST- 
Sordaria_macrospora                 SQGFSIAEVPISFVDRVYGDSKLGGEEIVEYAKGVLQLWWST- 
Podospora_anserina_S_mat+           AKGYSIGEVPISFVDRVYGDSKLGGEEIVEYAKGVLQLWWSI- 
Magnaporthe_oryzae_70-15            AMGYSIAEVPITFVDRVYGDSKLGGEEIVEYAKGVFSLWARV- 
Grosmannia_clavigera_kw1407         ALGYTIAEVPITFVDRVYGNSKMGVGEIAEYVLGVGSLWLKV- 
Coccidioides_posadasii_C735_de      AMGYKVEECPITFVDRLYGESKLGGEEIVEYLKGVFSLWWKV- 
Coccidioides_immitis_RS             AMGYKVEECPITFVDRLYGESKLGGEEIVEYLKGVFSLWWKV- 
Uncinocarpus_reesii_1704            AMGYKVEECPITFVDRLYGESKLGGEEIVEYLKGVFTLWLKV- 
Ajellomyces_capsulatus_NAm1         AMGFKVEECPITFVDRLYGESKLGGDEIVEYLKGVLTLWLKV- 
Ajellomyces_capsulatus_H143         AIGFKVEECPITFVDRLYGESKLGGEEIVEYLKGVLTLWLKV- 
Ajellomyces_dermatitidis_SLH14      AMGFKVEECPITFVDRLYGESKLGGDEIVEYLKGVFSLWLKV- 
2_Paracoccidioides_brasiliensi      AMGFKVEECPITFVDRLYGESKLGGDEIVEYLKGVFTLWLKV- 
Paracoccidioides_brasiliensis       AMGFKVEECPITFVDRLYGESKLGGDEIVEYLKGVFTLWLKV- 
Trichophyton_verrucosum_HKI_05      AMGYKVEECPITFVDRVYGESKLGGEEIVEYLKGVFTLWLKV- 
Arthroderma_benhamiae_CBS_1123      AMGYKVEECPITFVDRVYGESKLGGEEIVEYLKGVFTLWLKV- 
Arthroderma_gypseum_CBS_118893      AMGYKVEECPITFVDRVYGESKLGGEEIVEYLKGVFTLWLKV- 
Arthroderma_otae_CBS_113480         AMGYKVEECPITFVDRVYGESKLGGEEIVEYLKGVFTLWLKV- 
Talaromyces_stipitatus_ATCC_10      ALGYKVEECPITFVDRLYGDSKLGGDEIVGYLKGVFMLWLKV- 
Penicillium_marneffei_ATCC_182      ALGYKVEECPITFVDRLYGDSKLGGDEIVGYLKGVFMLWLKV- 
Neosartorya_fischeri_NRRL_181       AMGFKVAECPITFVDRLYGESKLGGHEIVEYLKGVLNLWLKV- 
Aspergillus_fumigatus_Af293         AMGFKVAECPITFVDRLYGESKLGGHEIVEYLKGVLNLWLKV- 
Aspergillus_clavatus_NRRL_1         AMGYKVAECPITFVDRLYGESKLGGHEIVEYLKGVLTLWLKV- 
Aspergillus_oryzae_RIB40            AMGYKVQECPITFVDRLYGESKLGGSEIVEYLKGVFTLWLKV- 
Aspergillus_niger_CBS_513.88        AMGFRVAECPITFVDRLYGESKLGGHEIVEYLKGVVNLWLKV- 
Aspergillus_nidulans_FGSC_A4        AMGYKVAECPITFVDRLYGESKLGGSEIVEYLKGVFNLWLKV- 
Penicillium_chrysogenum_Wiscon      AMGYKVSECPITFVDRVYGESKLGGSEIVDYLKGVLSLWVKV- 
Tuber_melanosporum_Mel28            GLGYSVAEVPISFVDRIYGDSKLGGDEIVEYAKGVLNLWLKV- 
Yarrowia_lipolytica                 AMGYSIGEVPISFVDRLYGDSKLGGDEIVQYAKGVWNLFVDI- 
Xenopus__Silurana__tropicalis       QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
2_Xenopus_laevis                    QLNFTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
1_Xenopus_laevis                    QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
3_Mus_musculus                      QMNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
3_Rattus_norvegicus                 QMDYTVGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
1_Mus_musculus                      QMNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
5_Mus_musculus                      QMNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
4_Mus_musculus                      QMNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
6_Mus_musculus                      QMNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Cricetulus_griseus_MASPGASRGAS      QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Pongo_abelii                        QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Pan_troglodytes                     QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
2_Homo_sapiens                      QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Macaca_mulatta                      QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Canis_familiaris                    QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Ailuropoda_melanoleuca              QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Equus_caballus                      QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
1_Sus_scrofa                        QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Monodelphis_domestica               QLNYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
1_Taeniopygia_guttata               QLGFTVGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
2_Taeniopygia_guttata               QLGFTVGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Gallus_gallus                       QLGYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Danio_rerio                         QLGYTIGEVPISFVDRVYGESKLGGNEIVSFLKGLLTLFATT- 
Branchiostoma_floridae              QLGFTIGEVPITFVDRVYGESKLGGNEVISFAKGLLYLFATT- 
Strongylocentrotus_purpuratus       QFGYKIGEVPITFVDRFYGESKLGGSEIISYAKGLLYLFAST- 
Trichoplax_adhaerens                QFGYAVGEVPITFVDRFYGESKLGGNEVIQYATGLLRLFATT- 
Apis_mellifera                      QFKYTIGEVPITFVDRLYGESKLGGSEIFQFAKGLLYLFATT- 
Solenopsis_invicta                  QFNYTIGEVPITFVDRVYGQSKLGGSEIFQFAKGLLYLFATT- 
1_Drosophila_melanogaster           QHGYTIAEVPITFVDRIYGTSKLGGTEIIQFAKNLLYLFATT- 
Drosophila_sechellia                QHGYTIAEVPITFVDRIYGTSKLGGTEIIQFAKNLLYLFATT- 
Drosophila_yakuba                   QHGYTIAEVPITFVDRIYGTSKLGGTEIVQFAKNLLYLFATT- 
Drosophila_erecta                   QHGYSIAEVPITFVDRIYGTSKLGGTEIVQFAKNLLYLFATT- 
Drosophila_willistoni               QHGYTIAEVPITFVDRIYGTSKLGGTEIVQFAKNLLYLFATT- 
Acyrthosiphon_pisum                 QLNYTIGEVPITFVDRVYGESKLGGSEIVQFVKSLLYLFATT- 
Loa_loa                             KLNYRIGEVPISFVDRFYGESKLGGQEIVDYIKGLLYLFIFV- 
Brugia_malayi                       KLNYRIGEVPISFIDRFYGESKLGSQEIVDYIRGLLYLFIFV- 
Ascaris_suum                        KLGYKVGEVPITFVDRFFGESKLGGQEIVDYIKGLLYLFTFVW 









NCBI Generated Lineage Report for EST D00658 
root 
. Fungi/Metazoa group [eukaryotes] 
. . Dikarya             [fungi] 
. . . saccharomyceta      [ascomycetes] 
. . . . Pezizomycotina      [ascomycetes] 
. . . . . leotiomyceta        [ascomycetes] 
. . . . . . sordariomyceta      [ascomycetes] 
. . . . . . . Sclerotiniaceae     [ascomycetes] 
. . . . . . . . Sclerotinia sclerotiorum 1980 UF-70 ------------  226  2 hits [ascomycetes]          mannose phospho-dolichol synthase [Sclerotinia sclerotiorum 
. . . . . . . . Botryotinia fuckeliana B05.10 ..................  223  2 hits [ascomycetes]          hypothetical protein BC1G_04042 [Botryotinia fuckeliana B05 
. . . . . . . Hypocrea jecorina --------------------------------  220  1 hit  [ascomycetes]          mannose phospho-dolichol synthase [Hypocrea jecorina] 
. . . . . . . Metarhizium acridum CQMa 102 .....................  217  1 hit  [ascomycetes]          mannose phospho-dolichol synthase [Metarhizium acridum CQMa 
. . . . . . . Metarhizium anisopliae ARSEF 23 ..................  216  1 hit  [ascomycetes]          mannose phospho-dolichol synthase [Metarhizium anisopliae A 
. . . . . . . Nectria haematococca mpVI 77-13-4 ................  216  2 hits [ascomycetes]          glycosyltransferase family 2 [Nectria haematococca mpVI 77- 
. . . . . . . Glomerella graminicola M1.001 ....................  214  1 hit  [ascomycetes]          glycosyl transferase family 2 [Glomerella graminicola M1.00 
. . . . . . . Gibberella zeae PH-1 .............................  211  1 hit  [ascomycetes]          hypothetical protein FG04044.1 [Gibberella zeae PH-1] 
. . . . . . . Magnaporthe oryzae 70-15 .........................  190  2 hits [ascomycetes]          conserved hypothetical protein [Magnaporthe oryzae 70-15] > 
. . . . . . . Podospora anserina S mat+ ........................  189  2 hits [ascomycetes]          hypothetical protein [Podospora anserina S mat+] >gi|170936 
. . . . . . . Grosmannia clavigera kw1407 ......................  187  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Grosmannia claviger 
. . . . . . . Neurospora crassa OR74A ..........................  186  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Neurospora crassa O 
. . . . . . . Sordaria macrospora ..............................  184  1 hit  [ascomycetes]          unnamed protein product [Sordaria macrospora] 
. . . . . . Pyrenophora tritici-repentis Pt-1C-BFP -------------  218  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Pyrenophora tritici 
. . . . . . Pyrenophora teres f. teres 0-1 .....................  218  1 hit  [ascomycetes]          hypothetical protein PTT_07599 [Pyrenophora teres f. teres  
. . . . . . Leptosphaeria maculans (blackleg of crucifers ...) .  218  1 hit  [ascomycetes]          similar to dolichol-phosphate (beta-D) mannosyltransferase  
. . . . . . Phaeosphaeria nodorum SN15 .........................  216  2 hits [ascomycetes]          hypothetical protein SNOG_08158 [Phaeosphaeria nodorum SN15 
. . . . . . Coccidioides posadasii C735 delta SOWgp ............  197  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Coccidioi 
. . . . . . Coccidioides posadasii str. Silveira ...............  197  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Coccidioi 
. . . . . . Coccidioides immitis RS ............................  196  1 hit  [ascomycetes]          hypothetical protein CIMG_03595 [Coccidioides immitis RS] 
. . . . . . Ajellomyces capsulatus NAm1 ........................  195  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Ajellomyces capsula 
. . . . . . Ajellomyces capsulatus G186AR ......................  195  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Ajellomyces capsula 
. . . . . . Paracoccidioides brasiliensis Pb01 .................  195  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Paracoccidioides br 
. . . . . . Paracoccidioides brasiliensis Pb03 .................  195  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Paracoccidioides br 
. . . . . . Ajellomyces dermatitidis SLH14081 ..................  194  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Ajellomyces dermati 
. . . . . . Ajellomyces dermatitidis ER-3 ......................  194  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Ajellomyces dermati 
. . . . . . Paracoccidioides brasiliensis Pb18 .................  193  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Paracoccidioides br 
. . . . . . Ajellomyces capsulatus H143 ........................  192  1 hit  [ascomycetes]          dolichol-phosphate mannose synthase [Ajellomyces capsulatus 
. . . . . . Ajellomyces capsulatus H88 .........................  192  1 hit  [ascomycetes]          dolichol-phosphate mannose synthase [Ajellomyces capsulatus 
. . . . . . Arthroderma gypseum CBS 118893 .....................  190  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Arthroderma gypseum 
. . . . . . Trichophyton verrucosum HKI 0517 ...................  189  2 hits [ascomycetes]          hypothetical protein TRV_04566 [Trichophyton verrucosum HKI 
. . . . . . Arthroderma otae CBS 113480 ........................  189  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Arthroderma otae CB 
. . . . . . Aspergillus clavatus NRRL 1 ........................  189  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Aspergill 
. . . . . . Arthroderma benhamiae CBS 112371 ...................  189  2 hits [ascomycetes]          hypothetical protein ARB_05483 [Arthroderma benhamiae CBS 1 
. . . . . . Paracoccidioides brasiliensis ......................  189  1 hit  [ascomycetes]          dolichol-phosphate mannose synthase [Paracoccidioides brasi 
. . . . . . Neosartorya fischeri NRRL 181 ......................  189  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Neosartor 
. . . . . . Aspergillus fumigatus Af293 ........................  189  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus fumigat 
. . . . . . Aspergillus fumigatus A1163 ........................  189  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus fumigat 
. . . . . . Aspergillus niger CBS 513.88 .......................  188  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus niger C 
. . . . . . Aspergillus niger ..................................  188  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus niger C 
. . . . . . Penicillium chrysogenum Wisconsin 54-1255 ..........  187  2 hits [ascomycetes]          Pc13g10270 [Penicillium chrysogenum Wisconsin 54-1255] >gi| 
. . . . . . Uncinocarpus reesii 1704 ...........................  187  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Uncinocarpus reesii 
. . . . . . Aspergillus nidulans FGSC A4 .......................  186  3 hits [ascomycetes]          hypothetical protein AN4947.2 [Aspergillus nidulans FGSC A4 
. . . . . . Aspergillus oryzae RIB40 ...........................  186  1 hit  [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus oryzae  
. . . . . . Aspergillus flavus NRRL3357 ........................  186  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus oryzae  
. . . . . . Aspergillus oryzae .................................  186  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Aspergillus oryzae  
. . . . . . Talaromyces stipitatus ATCC 10500 ..................  182  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Talaromyc 
. . . . . . Penicillium marneffei ATCC 18224 ...................  181  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase, putative [Penicilli 
. . . . . Tuber melanosporum Mel28 -----------------------------  201  1 hit  [ascomycetes]          hypothetical protein [Tuber melanosporum Mel28] >gi|2956364 
. . . . . Tuber melanosporum (French truffle) ..................  201  1 hit  [ascomycetes]          hypothetical protein [Tuber melanosporum Mel28] >gi|2956364 
. . . . Candida albicans SC5314 --------------------------------  195  4 hits [ascomycetes]          potential ER dolichol phosphate mannose synthase [Candida a 
. . . . Candida albicans WO-1 ..................................  195  1 hit  [ascomycetes]          potential ER dolichol phosphate mannose synthase [Candida a 
. . . . Candida dubliniensis CD36 ..............................  194  2 hits [ascomycetes]          dolichol-phosphate mannose synthase, putative; dolichol-pho 
. . . . Clavispora lusitaniae ATCC 42720 .......................  193  2 hits [ascomycetes]          hypothetical protein CLUG_03543 [Clavispora lusitaniae ATCC 
. . . . Debaryomyces hansenii CBS767 ...........................  192  1 hit  [ascomycetes]          DEHA2G15136p [Debaryomyces hansenii CBS767] >gi|49657869|em 
. . . . Debaryomyces hansenii ..................................  192  1 hit  [ascomycetes]          DEHA2G15136p [Debaryomyces hansenii CBS767] >gi|49657869|em 
. . . . Candida tropicalis MYA-3404 ............................  191  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Candida tropicalis  
. . . . Pichia angusta DL-1 ....................................  189  1 hit  [ascomycetes]          dolichol-P-mannose synthesis [Pichia angusta DL-1] 
. . . . Lodderomyces elongisporus NRRL YB-4239 .................  189  2 hits [ascomycetes]          dolichol-phosphate mannosyltransferase [Lodderomyces elongi 
. . . . Yarrowia lipolytica CLIB122 ............................  187  1 hit  [ascomycetes]          YALI0D06281p [Yarrowia lipolytica] >gi|49648346|emb|CAG8066 
. . . . Yarrowia lipolytica ....................................  187  1 hit  [ascomycetes]          YALI0D06281p [Yarrowia lipolytica] >gi|49648346|emb|CAG8066 
. . . . Scheffersomyces stipitis CBS 6054 ......................  181  2 hits [ascomycetes]          dolichol-P-mannose synthesis [Scheffersomyces stipitis CBS  
. . . Coprinopsis cinerea okayama7#130 -------------------------  178  2 hits [basidiomycetes]       dolichol-phosphate mannosyltransferase [Coprinopsis cinerea 
. . . Laccaria bicolor S238N-H82 ...............................  176  2 hits [basidiomycetes]       glycosyltransferase family 2 protein [Laccaria bicolor S238 
. . . Cryptococcus gattii WM276 ................................  176  2 hits [basidiomycetes]       GPI anchor biosynthesis-related protein [Cryptococcus gatti 
. . . Schizophyllum commune H4-8 ...............................  175  2 hits [basidiomycetes]       glycosyltransferase family 2 protein [Schizophyllum commune 
. . . Cryptococcus neoformans var. neoformans JEC21 ............  174  2 hits [basidiomycetes]       GPI anchor biosynthesis-related protein [Cryptococcus neofo 
. . . Cryptococcus neoformans var. neoformans B-3501A ..........  174  2 hits [basidiomycetes]       GPI anchor biosynthesis-related protein [Cryptococcus neofo 
. . Branchiostoma floridae -------------------------------------  177  2 hits [lancelets]            hypothetical protein BRAFLDRAFT_117614 [Branchiostoma flori 
. . Apis mellifera (bee) .......................................  176  1 hit  [bees]                 PREDICTED: similar to Probable dolichol-phosphate mannosylt 
. . Danio rerio (zebra fish) ...................................  175  2 hits [bony fishes]          dolichol-phosphate mannosyltransferase [Danio rerio] >gi|50 
. . Xenopus laevis (common platanna) ...........................  175  3 hits [frogs & toads]        dolichyl-phosphate mannosyltransferase polypeptide 1, catal 
. . Drosophila melanogaster ....................................  174  4 hits [flies]                MIP13910p [Drosophila melanogaster] 
. . Drosophila sechellia .......................................  174  2 hits [flies]                GM17002 [Drosophila sechellia] >gi|195580201|ref|XP_0020799 
. . Drosophila simulans ........................................  174  2 hits [flies]                GM17002 [Drosophila sechellia] >gi|195580201|ref|XP_0020799 
. . Strongylocentrotus purpuratus (purple urchin) ..............  174  2 hits [sea urchins]          PREDICTED: hypothetical protein [Strongylocentrotus purpura 
. . Mus musculus (mouse) .......................................  174 13 hits [rodents]              dolichol-phosphate (beta-D) mannosyltransferase 1, isoform  
. . Acyrthosiphon pisum ........................................  174  1 hit  [aphids]               PREDICTED: similar to Probable dolichol-phosphate mannosylt 
. . Drosophila yakuba ..........................................  174  2 hits [flies]                GE12644 [Drosophila yakuba] >gi|194176820|gb|EDW90431.1| GE 
. . Trichoplax adhaerens .......................................  174  2 hits [placozoans]           hypothetical protein TRIADDRAFT_23616 [Trichoplax adhaerens 
. . Ascaris suum ...............................................  174  1 hit  [nematodes]            Dolichol-phosphate mannosyltransferase [Ascaris suum] 
. . Loa loa ....................................................  174  2 hits [nematodes]            dolichol Phosphate Mannosyltransferase family member [Loa l 
. . Rattus norvegicus (brown rat) ..............................  174  9 hits [rodents]              dolichol-phosphate mannosyltransferase [Rattus norvegicus]  
. . Taeniopygia guttata (zebra finch) ..........................  174  2 hits [birds]                PREDICTED: putative dolichol-phosphate mannosyltransferase  
. . Homo sapiens (man) .........................................  174 10 hits [primates]             Dolichyl-phosphate mannosyltransferase polypeptide 1, catal 
. . Xenopus (Silurana) tropicalis ..............................  174  2 hits [frogs & toads]        dolichyl-phosphate mannosyltransferase 1 [Xenopus (Silurana 
. . Macaca mulatta (rhesus macaque) ............................  173  1 hit  [primates]             PREDICTED: dolichol-phosphate mannosyltransferase isoform 2 
. . Monodelphis domestica ......................................  173  1 hit  [marsupials]           PREDICTED: similar to dolichyl-phosphate mannosyltransferas 
. . Solenopsis invicta (red imported fire ant) .................  173  1 hit  [ants]                 hypothetical protein SINV_10884 [Solenopsis invicta] 
. . Gallus gallus (bantam) .....................................  173  1 hit  [birds]                PREDICTED: similar to dolichol-phosphate-mannose synthase [ 
. . Pongo abelii (Orang-utan) ..................................  173  1 hit  [primates]             PREDICTED: dolichol-phosphate mannosyltransferase-like [Pon 
. . Drosophila erecta ..........................................  172  2 hits [flies]                GG21624 [Drosophila erecta] >gi|190657427|gb|EDV54640.1| GG 
. . Pan troglodytes ............................................  172  3 hits [primates]             PREDICTED: similar to dolichol-phosphate-mannose synthase i 
. . Drosophila willistoni ......................................  172  2 hits [flies]                GK14776 [Drosophila willistoni] >gi|194161318|gb|EDW76219.1 
. . Brugia malayi (agent of lymphatic fil...) ..................  172  2 hits [nematodes]            dolichol monophosphate mannose synthase [Brugia malayi] >gi 
. . Canis lupus familiaris (dogs) ..............................  172  1 hit  [carnivores]           PREDICTED: similar to Dolichol-phosphate mannosyltransferas 
. . Sus scrofa (wild boar) .....................................  172  5 hits [even-toed ungulates]  dolichyl-phosphate mannosyltransferase polypeptide 1, catal 
. . Ailuropoda melanoleuca .....................................  172  1 hit  [carnivores]           PREDICTED: dolichol-phosphate mannosyltransferase-like [Ail 
. . Cricetulus griseus (Chinese hamsters) ......................  172  2 hits [rodents]              RecName: Full=Dolichol-phosphate mannosyltransferase; AltNa 
. . Equus caballus (equine) ....................................  172  1 hit  [odd-toed ungulates]   PREDICTED: similar to dolichyl-phosphate mannosyltransferas 
. synthetic construct ------------------------------------------  174  1 hit  [other sequences]      Dolichyl-phosphate mannosyltransferase polypeptide 1, catal 
 
Organism Report  
  Sclerotinia sclerotiorum 1980 UF-70 [ascomycetes] taxid 665079 
 ref|XP_001592566.1| mannose phospho-dolichol synthase [Scl...     226  9e-58 
 gb|EDO04324.1| mannose phospho-dolichol synthase [Scleroti...     226  9e-58 
 
  Botryotinia fuckeliana B05.10 [ascomycetes] taxid 332648 
 ref|XP_001556657.1| hypothetical protein BC1G_04042 [Botry...     223  5e-57 
 gb|EDN23857.1| hypothetical protein BC1G_04042 [Botryotini...     223  5e-57 
 
  Hypocrea jecorina [ascomycetes] taxid 51453 
 gb|AAG32629.1|AF102883_1 mannose phospho-dolichol synthase...     220  6e-56 
 
  Pyrenophora tritici-repentis Pt-1C-BFP [ascomycetes] taxid 426418 
 ref|XP_001938970.1| dolichol-phosphate mannosyltransferase...     218  2e-55 
 gb|EDU51557.1| dolichol-phosphate mannosyltransferase [Pyr...     218  2e-55 
 
  Pyrenophora teres f. teres 0-1 [ascomycetes] taxid 861557 
 gb|EFQ94636.1| hypothetical protein PTT_07599 [Pyrenophora...     218  2e-55 
   Leptosphaeria maculans (blackleg of crucifers fungus, ...) [ascomycetes] taxid 5022 
 emb|CBX99923.1| similar to dolichol-phosphate (beta-D) man...     218  3e-55 
 
  Metarhizium acridum CQMa 102 [ascomycetes] taxid 655827 
 gb|EFY91678.1| mannose phospho-dolichol synthase [Metarhiz...     217  4e-55 
 
  Phaeosphaeria nodorum SN15 [ascomycetes] taxid 321614 
 ref|XP_001798483.1| hypothetical protein SNOG_08158 [Phaeo...     216  7e-55 
 gb|EAT84434.1| hypothetical protein SNOG_08158 [Phaeosphae...     216  7e-55 
 
  Metarhizium anisopliae ARSEF 23 [ascomycetes] taxid 655844 
 gb|EFY94650.1| mannose phospho-dolichol synthase [Metarhiz...     216  8e-55 
 
  Nectria haematococca mpVI 77-13-4 [ascomycetes] taxid 660122 
 ref|XP_003042180.1| glycosyltransferase family 2 [Nectria ...     216  9e-55 
 gb|EEU36467.1| glycosyltransferase family 2 [Nectria haema...     216  9e-55 
 
  Glomerella graminicola M1.001 [ascomycetes] taxid 645133 
 gb|EFQ31267.1| glycosyl transferase family 2 [Glomerella g...     214  2e-54 
 
  Gibberella zeae PH-1 [ascomycetes] taxid 229533 
 ref|XP_384220.1| hypothetical protein FG04044.1 [Gibberell...     211  3e-53 
 
  Tuber melanosporum Mel28 [ascomycetes] taxid 656061 
 ref|XP_002840240.1| hypothetical protein [Tuber melanospor...     201  3e-50 
 
  Tuber melanosporum (French truffle, ...) [ascomycetes] taxid 39416 
 emb|CAZ84431.1| unnamed protein product [Tuber melanosporum]      201  3e-50 
 
  Coccidioides posadasii C735 delta SOWgp [ascomycetes] taxid 222929 
 ref|XP_003068642.1| dolichol-phosphate mannosyltransferase...     197  3e-49 
 gb|EER26497.1| dolichol-phosphate mannosyltransferase, put...     197  3e-49 
 
  Coccidioides posadasii str. Silveira [ascomycetes] taxid 443226 
 gb|EFW20516.1| glycosyltransferase [Coccidioides posadasii...     197  3e-49 
 
  Coccidioides immitis RS [ascomycetes] taxid 246410 
 ref|XP_001244154.1| hypothetical protein CIMG_03595 [Cocci...     196  7e-49 
 
  Ajellomyces capsulatus NAm1 [ascomycetes] taxid 339724 
 ref|XP_001543068.1| dolichol-phosphate mannosyltransferase...     195  1e-48 
 gb|EDN02250.1| dolichol-phosphate mannosyltransferase [Aje...     195  1e-48 
   Ajellomyces capsulatus G186AR [ascomycetes] taxid 447093 
 gb|EEH04914.1| dolichol-phosphate mannose synthase [Ajello...     195  1e-48 
 
  Paracoccidioides brasiliensis Pb01 [ascomycetes] taxid 502779 
 ref|XP_002795986.1| dolichol-phosphate mannosyltransferase...     195  2e-48 
 gb|EEH39685.1| dolichol-phosphate mannosyltransferase [Par...     195  2e-48 
 
  Candida albicans SC5314 [ascomycetes] taxid 237561 
 ref|XP_717611.1| potential ER dolichol phosphate mannose s...     195  2e-48 
 ref|XP_717537.1| potential ER dolichol phosphate mannose s...     195  2e-48 
 gb|EAK98571.1| potential ER dolichol phosphate mannose syn...     195  2e-48 
 gb|EAK98647.1| potential ER dolichol phosphate mannose syn...     195  2e-48 
 
  Candida albicans WO-1 [ascomycetes] taxid 294748 
 gb|EEQ42410.1| dolichol-phosphate mannosyltransferase [Can...     195  2e-48 
 
  Paracoccidioides brasiliensis Pb03 [ascomycetes] taxid 482561 
 gb|EEH19889.1| dolichol-phosphate mannosyltransferase [Par...     195  2e-48 
 
  Candida dubliniensis CD36 [ascomycetes] taxid 573826 
 ref|XP_002417403.1| dolichol-phosphate mannose synthase, p...     194  2e-48 
 emb|CAX45054.1| dolichol-phosphate mannose synthase, putat...     194  2e-48 
 
  Ajellomyces dermatitidis SLH14081 [ascomycetes] taxid 559298 
 ref|XP_002622035.1| dolichol-phosphate mannosyltransferase...     194  4e-48 
 gb|EEQ72444.1| dolichol-phosphate mannosyltransferase [Aje...     194  4e-48 
 
  Ajellomyces dermatitidis ER-3 [ascomycetes] taxid 559297 
 gb|EEQ83859.1| dolichol-phosphate mannosyltransferase [Aje...     194  4e-48 
 
  Paracoccidioides brasiliensis Pb18 [ascomycetes] taxid 502780 
 gb|EEH44260.1| dolichol-phosphate mannosyltransferase [Par...     193  5e-48 
 
  Clavispora lusitaniae ATCC 42720 [ascomycetes] taxid 306902 
 ref|XP_002616302.1| hypothetical protein CLUG_03543 [Clavi...     193  6e-48 
 gb|EEQ39415.1| hypothetical protein CLUG_03543 [Clavispora...     193  6e-48 
 
  Ajellomyces capsulatus H143 [ascomycetes] taxid 544712 
 gb|EER44989.1| dolichol-phosphate mannose synthase [Ajello...     192  1e-47 
 
  Ajellomyces capsulatus H88 [ascomycetes] taxid 544711 
 gb|EGC40944.1| dolichol-phosphate mannose synthase [Ajello...     192  1e-47 
   Debaryomyces hansenii CBS767 [ascomycetes] taxid 284592 
 ref|XP_462199.1| DEHA2G15136p [Debaryomyces hansenii CBS767]      192  2e-47 
 
  Debaryomyces hansenii [ascomycetes] taxid 4959 
 emb|CAG90691.1| DEHA2G15136p [Debaryomyces hansenii]              192  2e-47 
 
  Candida tropicalis MYA-3404 [ascomycetes] taxid 294747 
 ref|XP_002549700.1| dolichol-phosphate mannosyltransferase...     191  2e-47 
 gb|EER32326.1| dolichol-phosphate mannosyltransferase [Can...     191  2e-47 
 
  Arthroderma gypseum CBS 118893 [ascomycetes] taxid 535722 
 ref|XP_003177124.1| dolichol-phosphate mannosyltransferase...     190  5e-47 
 gb|EFQ98172.1| dolichol-phosphate mannosyltransferase [Art...     190  5e-47 
 
  Magnaporthe oryzae 70-15 [ascomycetes] taxid 242507 
 ref|XP_359700.1| conserved hypothetical protein [Magnaport...     190  5e-47 
 gb|EDJ95325.1| conserved hypothetical protein [Magnaporthe...     190  5e-47 
 
  Pichia angusta DL-1 [ascomycetes] taxid 871575 
 gb|EFW97798.1| dolichol-P-mannose synthesis [Pichia angust...     189  7e-47 
 
  Trichophyton verrucosum HKI 0517 [ascomycetes] taxid 663202 
 ref|XP_003021322.1| hypothetical protein TRV_04566 [Tricho...     189  8e-47 
 gb|EFE40704.1| hypothetical protein TRV_04566 [Trichophyto...     189  8e-47 
 
  Arthroderma otae CBS 113480 [ascomycetes] taxid 554155 
 ref|XP_002850652.1| dolichol-phosphate mannosyltransferase...     189  8e-47 
 gb|EEQ27868.1| dolichol-phosphate mannosyltransferase [Art...     189  8e-47 
 
  Aspergillus clavatus NRRL 1 [ascomycetes] taxid 344612 
 ref|XP_001271045.1| dolichol-phosphate mannosyltransferase...     189  8e-47 
 gb|EAW09619.1| dolichol-phosphate mannosyltransferase, put...     189  8e-47 
 
  Arthroderma benhamiae CBS 112371 [ascomycetes] taxid 663331 
 ref|XP_003016086.1| hypothetical protein ARB_05483 [Arthro...     189  8e-47 
 gb|EFE35441.1| hypothetical protein ARB_05483 [Arthroderma...     189  8e-47 
 
  Lodderomyces elongisporus NRRL YB-4239 [ascomycetes] taxid 379508 
 ref|XP_001528001.1| dolichol-phosphate mannosyltransferase...     189  8e-47 
 gb|EDK42343.1| dolichol-phosphate mannosyltransferase [Lod...     189  8e-47 
 
  Paracoccidioides brasiliensis [ascomycetes] taxid 121759 
 gb|AAR03724.1| dolichol-phosphate mannose synthase [Paraco...     189  1e-46 
 
  Podospora anserina S mat+ [ascomycetes] taxid 515849 
 ref|XP_001903431.1| hypothetical protein [Podospora anseri...     189  1e-46 
 emb|CAP61206.1| unnamed protein product [Podospora anserin...     189  1e-46 
 
  Neosartorya fischeri NRRL 181 [ascomycetes] taxid 331117 
 ref|XP_001263417.1| dolichol-phosphate mannosyltransferase...     189  1e-46 
 gb|EAW21520.1| dolichol-phosphate mannosyltransferase, put...     189  1e-46 
 
  Aspergillus fumigatus Af293 [ascomycetes] taxid 330879 
 ref|XP_754579.1| dolichol-phosphate mannosyltransferase [A...     189  1e-46 
 gb|EAL92541.1| dolichol-phosphate mannosyltransferase, put...     189  1e-46 
 
  Aspergillus fumigatus A1163 [ascomycetes] taxid 451804 
 gb|EDP52706.1| dolichol-phosphate mannosyltransferase, put...     189  1e-46 
 
  Aspergillus niger CBS 513.88 [ascomycetes] taxid 425011 
 ref|XP_001397744.1| dolichol-phosphate mannosyltransferase...     188  2e-46 
 
  Aspergillus niger [ascomycetes] taxid 5061 
 emb|CAK46850.1| unnamed protein product [Aspergillus niger]       188  2e-46 
 
  Penicillium chrysogenum Wisconsin 54-1255 [ascomycetes] taxid 500485 
 ref|XP_002559449.1| Pc13g10270 [Penicillium chrysogenum Wi...     187  3e-46 
 emb|CAP92096.1| Pc13g10270 [Penicillium chrysogenum Wiscon...     187  3e-46 
 
  Yarrowia lipolytica CLIB122 [ascomycetes] taxid 284591 
 ref|XP_502478.1| YALI0D06281p [Yarrowia lipolytica]               187  3e-46 
 
  Yarrowia lipolytica [ascomycetes] taxid 4952 
 emb|CAG80666.1| YALI0D06281p [Yarrowia lipolytica]                187  3e-46 
 
  Uncinocarpus reesii 1704 [ascomycetes] taxid 336963 
 ref|XP_002582598.1| dolichol-phosphate mannosyltransferase...     187  5e-46 
 gb|EEP82506.1| dolichol-phosphate mannosyltransferase [Unc...     187  5e-46 
 
  Grosmannia clavigera kw1407 [ascomycetes] taxid 655863 
 gb|EFX00187.1| dolichol-phosphate mannosyltransferase [Gro...     187  5e-46 
 
  Aspergillus nidulans FGSC A4 [ascomycetes] taxid 227321 
 ref|XP_662551.1| hypothetical protein AN4947.2 [Aspergillu...     186  7e-46 
 gb|EAA61025.1| hypothetical protein AN4947.2 [Aspergillus ...     186  7e-46 
 tpe|CBF76417.1| TPA: hypothetical protein similar to dolic...     186  7e-46 
 
  Neurospora crassa OR74A [ascomycetes] taxid 367110 
 ref|XP_962098.1| dolichol-phosphate mannosyltransferase [N...     186  8e-46 
 gb|EAA32862.1| dolichol-phosphate mannosyltransferase [Neu...     186  8e-46 
 
  Aspergillus oryzae RIB40 [ascomycetes] taxid 510516 
 ref|XP_001819755.1| dolichol-phosphate mannosyltransferase...     186  1e-45 
 
  Aspergillus flavus NRRL3357 [ascomycetes] taxid 332952 
 ref|XP_002374740.1| dolichol-phosphate mannosyltransferase...     186  1e-45 
 gb|EED55958.1| dolichol-phosphate mannosyltransferase, put...     186  1e-45 
 
  Aspergillus oryzae [ascomycetes] taxid 5062 
 dbj|BAB40714.1| dolichol phosphate mannose synthase [Asper...     186  1e-45 
 dbj|BAE57753.1| unnamed protein product [Aspergillus oryzae]      186  1e-45 
 
  Sordaria macrospora [ascomycetes] taxid 5147 
 emb|CBI54171.1| unnamed protein product [Sordaria macrospora]     184  3e-45 
 
  Talaromyces stipitatus ATCC 10500 [ascomycetes] taxid 441959 
 ref|XP_002479995.1| dolichol-phosphate mannosyltransferase...     182  2e-44 
 gb|EED19561.1| dolichol-phosphate mannosyltransferase, put...     182  2e-44 
 
  Scheffersomyces stipitis CBS 6054 [ascomycetes] taxid 322104 
 ref|XP_001383237.1| dolichol-P-mannose synthesis [Scheffer...     181  2e-44 
 gb|ABN65208.1| dolichol-P-mannose synthesis [Scheffersomyc...     181  2e-44 
 
  Penicillium marneffei ATCC 18224 [ascomycetes] taxid 441960 
 ref|XP_002143681.1| dolichol-phosphate mannosyltransferase...     181  2e-44 
 gb|EEA27166.1| dolichol-phosphate mannosyltransferase, put...     181  2e-44 
 
  Coprinopsis cinerea okayama7#130 [basidiomycetes] taxid 240176 
 ref|XP_001828559.2| dolichol-phosphate mannosyltransferase...     178  2e-43 
 gb|EAU93273.2| dolichol-phosphate mannosyltransferase [Cop...     178  2e-43 
 
  Branchiostoma floridae [lancelets] taxid 7739 
 ref|XP_002594176.1| hypothetical protein BRAFLDRAFT_117614...     177  5e-43 
 gb|EEN50187.1| hypothetical protein BRAFLDRAFT_117614 [Bra...     177  5e-43 
 
  Laccaria bicolor S238N-H82 [basidiomycetes] taxid 486041 
 ref|XP_001881381.1| glycosyltransferase family 2 protein [...     176  7e-43 
 gb|EDR08311.1| glycosyltransferase family 2 protein [Lacca...     176  7e-43 
   Apis mellifera (bee, ...) [bees] taxid 7460 
 ref|XP_392640.1| PREDICTED: similar to Probable dolichol-p...     176  1e-42 
 
  Cryptococcus gattii WM276 [basidiomycetes] taxid 367775 
 ref|XP_003192200.1| GPI anchor biosynthesis-related protei...     176  1e-42 
 gb|ADV20413.1| GPI anchor biosynthesis-related protein, pu...     176  1e-42 
 
  Schizophyllum commune H4-8 [basidiomycetes] taxid 578458 
 ref|XP_003026556.1| glycosyltransferase family 2 protein [...     175  1e-42 
 gb|EFI91653.1| glycosyltransferase family 2 protein [Schiz...     175  1e-42 
 
  Danio rerio (zebra fish, ...) [bony fishes] taxid 7955 
 ref|NP_001003596.1| dolichol-phosphate mannosyltransferase...     175  2e-42 
 gb|AAH77113.1| Dolichyl-phosphate mannosyltransferase poly...     175  2e-42 
 
  Xenopus laevis (common platanna, ...) [frogs & toads] taxid 8355 
 ref|NP_001089465.1| dolichyl-phosphate mannosyltransferase...     175  2e-42 
 gb|AAH97635.1| MGC114892 protein [Xenopus laevis]                 175  2e-42 
 gb|AAH68840.1| LOC414689 protein [Xenopus laevis]                 172  1e-41 
 
  Drosophila melanogaster [flies] taxid 7227 
 gb|ACX31360.1| MIP13910p [Drosophila melanogaster]                174  2e-42 
 ref|NP_609980.1| CG10166 [Drosophila melanogaster]                174  3e-42 
 sp|Q9VIU7.1|DPM1_DROME RecName: Full=Probable dolichol-pho...     174  3e-42 
 gb|AAF53817.1| CG10166 [Drosophila melanogaster]                  174  3e-42 
 
  Drosophila sechellia [flies] taxid 7238 
 ref|XP_002039129.1| GM17002 [Drosophila sechellia]                174  3e-42 
 gb|EDW55775.1| GM17002 [Drosophila sechellia]                     174  3e-42 
 
  Drosophila simulans [flies] taxid 7240 
 ref|XP_002079944.1| GD21748 [Drosophila simulans]                 174  3e-42 
 gb|EDX05529.1| GD21748 [Drosophila simulans]                      174  3e-42 
 
  Strongylocentrotus purpuratus (purple urchin, ...) [sea urchins] taxid 7668 
 ref|XP_793909.1| PREDICTED: hypothetical protein [Strongyl...     174  3e-42 
 ref|XP_001179539.1| PREDICTED: hypothetical protein [Stron...     174  3e-42 
 
  Mus musculus (mouse) [rodents] taxid 10090 
 gb|EDL06544.1| dolichol-phosphate (beta-D) mannosyltransfe...     174  3e-42 
 ref|NP_034202.1| dolichol-phosphate mannosyltransferase [M...     174  4e-42 
 sp|O70152.1|DPM1_MOUSE RecName: Full=Dolichol-phosphate ma...     174  4e-42 
 dbj|BAA25759.1| dolichol-phosphate-mannose synthase [Mus m...     174  4e-42 
 dbj|BAB23602.1| unnamed protein product [Mus musculus]            174  4e-42 
 dbj|BAB23920.1| unnamed protein product [Mus musculus]            174  4e-42 
 gb|AAH61151.1| Dolichol-phosphate (beta-D) mannosyltransfe...     174  4e-42 
 emb|CAM22975.1| dolichol-phosphate (beta-D) mannosyltransf...     174  4e-42 
 gb|EDL06547.1| dolichol-phosphate (beta-D) mannosyltransfe...     174  4e-42 
 gb|EDL06543.1| dolichol-phosphate (beta-D) mannosyltransfe...     174  4e-42 
 emb|CAM22976.1| dolichol-phosphate (beta-D) mannosyltransf...     174  4e-42 
 dbj|BAB25735.1| unnamed protein product [Mus musculus]            174  4e-42 
 gb|EDL06549.1| dolichol-phosphate (beta-D) mannosyltransfe...     172  1e-41 
 
  Cryptococcus neoformans var. neoformans JEC21 [basidiomycetes] taxid 214684 
 ref|XP_569172.1| GPI anchor biosynthesis-related protein [...     174  3e-42 
 gb|AAW41865.1| GPI anchor biosynthesis-related protein, pu...     174  3e-42 
 
  Cryptococcus neoformans var. neoformans B-3501A [basidiomycetes] taxid 283643 
 ref|XP_777090.1| hypothetical protein CNBB3220 [Cryptococc...     174  3e-42 
 gb|EAL22443.1| hypothetical protein CNBB3220 [Cryptococcus...     174  3e-42 
 
  Acyrthosiphon pisum [aphids] taxid 7029 
 ref|XP_001952221.1| PREDICTED: similar to Probable dolicho...     174  3e-42 
 
  Drosophila yakuba [flies] taxid 7245 
 ref|XP_002090719.1| GE12644 [Drosophila yakuba]                   174  4e-42 
 gb|EDW90431.1| GE12644 [Drosophila yakuba]                        174  4e-42 
 
  Trichoplax adhaerens [placozoans] taxid 10228 
 ref|XP_002112053.1| hypothetical protein TRIADDRAFT_23616 ...     174  4e-42 
 gb|EDV26020.1| hypothetical protein TRIADDRAFT_23616 [Tric...     174  4e-42 
 
  Ascaris suum [nematodes] taxid 6253 
 gb|ADY48055.1| Dolichol-phosphate mannosyltransferase [Asc...     174  4e-42 
 
  Loa loa [nematodes] taxid 7209 
 ref|XP_003137087.1| dolichol Phosphate Mannosyltransferase...     174  4e-42 
 gb|EFO26985.1| dolichol Phosphate Mannosyltransferase fami...     174  4e-42 
 
  Rattus norvegicus (brown rat, ...) [rodents] taxid 10116 
 ref|NP_001100014.1| dolichol-phosphate mannosyltransferase...     174  4e-42 
 gb|EDL96369.1| rCG32280, isoform CRA_e [Rattus norvegicus]        174  4e-42 
 gb|EDL96373.1| rCG32280, isoform CRA_h [Rattus norvegicus]        174  5e-42 
 gb|EDL96374.1| rCG32280, isoform CRA_h [Rattus norvegicus]        174  5e-42 
 gb|EDL96376.1| rCG32280, isoform CRA_h [Rattus norvegicus]        174  5e-42 
 gb|EDL96366.1| rCG32280, isoform CRA_b [Rattus norvegicus]        174  5e-42 
 gb|EDL96372.1| rCG32280, isoform CRA_b [Rattus norvegicus]        174  5e-42 
 gb|EDL96375.1| rCG32280, isoform CRA_b [Rattus norvegicus]        174  5e-42 
 gb|EDL96365.1| rCG32280, isoform CRA_a [Rattus norvegicus]        173  6e-42 
 
  Taeniopygia guttata (zebra finch) [birds] taxid 59729 
 ref|XP_002186864.1| PREDICTED: putative dolichol-phosphate...     174  4e-42 
 gb|ACH44565.1| putative dolichol-phosphate mannosyltransfe...     173  7e-42 
 
  Homo sapiens (man) [primates] taxid 9606 
 gb|AAH08466.1| Dolichyl-phosphate mannosyltransferase poly...     174  5e-42 
 gb|EAW75608.1| dolichyl-phosphate mannosyltransferase poly...     173  9e-42 
 ref|NP_003850.1| dolichol-phosphate mannosyltransferase [H...     172  1e-41 
 sp|O60762.1|DPM1_HUMAN RecName: Full=Dolichol-phosphate ma...     172  1e-41 
 dbj|BAA25646.1| dolichol-phosphate-mannose synthase [Homo ...     172  1e-41 
 emb|CAB53749.1| dolichyl-phosphate mannosyltransferase pol...     172  1e-41 
 gb|AAH07073.1| Dolichyl-phosphate mannosyltransferase poly...     172  1e-41 
 gb|AAH16322.1| Dolichyl-phosphate mannosyltransferase poly...     172  1e-41 
 emb|CAG33207.1| DPM1 [Homo sapiens]                               172  1e-41 
 dbj|BAF82258.1| unnamed protein product [Homo sapiens]            172  1e-41 
 
  synthetic construct [other sequences] taxid 32630 
 gb|ADQ31633.1| dolichyl-phosphate mannosyltransferase poly...     174  5e-42 
 
  Xenopus (Silurana) tropicalis [frogs & toads] taxid 8364 
 ref|NP_001011407.1| dolichyl-phosphate mannosyltransferase...     174  5e-42 
 gb|AAH88776.1| dolichyl-phosphate mannosyltransferase poly...     174  5e-42 
 
  Macaca mulatta (rhesus macaque, ...) [primates] taxid 9544 
 ref|XP_001094366.2| PREDICTED: dolichol-phosphate mannosyl...     173  6e-42 
 
  Monodelphis domestica [marsupials] taxid 13616 
 ref|XP_001378527.1| PREDICTED: similar to dolichyl-phospha...     173  6e-42 
 
  Solenopsis invicta (red imported fire ant, ...) [ants] taxid 13686 
 gb|EFZ11300.1| hypothetical protein SINV_10884 [Solenopsis...     173  7e-42 
 
  Gallus gallus (bantam, ...) [birds] taxid 9031 
 ref|XP_417511.1| PREDICTED: similar to dolichol-phosphate-...     173  7e-42 
 
  Pongo abelii (Orang-utan, ...) [primates] taxid 9601 
 ref|XP_002830465.1| PREDICTED: dolichol-phosphate mannosyl...     173  8e-42 
 
  Drosophila erecta [flies] taxid 7220 
 ref|XP_001974240.1| GG21624 [Drosophila erecta]                   172  1e-41 
 gb|EDV54640.1| GG21624 [Drosophila erecta]                        172  1e-41 
 
  Pan troglodytes [primates] taxid 9598 
 ref|XP_001168321.1| PREDICTED: similar to dolichol-phospha...     172  1e-41 
 ref|XP_001168296.1| PREDICTED: similar to dolichol-phospha...     172  1e-41 
 ref|XP_001168349.1| PREDICTED: similar to dolichol-phospha...     172  1e-41 
 
  Drosophila willistoni [flies] taxid 7260 
 ref|XP_002065233.1| GK14776 [Drosophila willistoni]               172  1e-41 
 gb|EDW76219.1| GK14776 [Drosophila willistoni]                    172  1e-41 
 
  Brugia malayi (agent of lymphatic filariasis) [nematodes] taxid 6279 
 ref|XP_001901217.1| dolichol monophosphate mannose synthas...     172  1e-41 
 gb|EDP29897.1| dolichol monophosphate mannose synthase, pu...     172  1e-41 
 
  Canis lupus familiaris (dogs) [carnivores] taxid 9615 
 ref|XP_534456.1| PREDICTED: similar to Dolichol-phosphate ...     172  1e-41 
 
  Sus scrofa (wild boar, ...) [even-toed ungulates] taxid 9823 
 dbj|BAI47782.1| dolichyl-phosphate mannosyltransferase pol...     172  1e-41 
 ref|NP_001095290.1| dolichol-phosphate mannosyltransferase...     172  1e-41 
 sp|A5GFZ5.1|DPM1_PIG RecName: Full=Dolichol-phosphate mann...     172  1e-41 
 emb|CAN13124.1| dolichyl-phosphate mannosyltransferase pol...     172  1e-41 
 emb|CAN13232.1| dolichyl-phosphate mannosyltransferase pol...     172  1e-41 
 
  Ailuropoda melanoleuca [carnivores] taxid 9646 
 ref|XP_002913023.1| PREDICTED: dolichol-phosphate mannosyl...     172  1e-41 
 
  Cricetulus griseus (Chinese hamsters) [rodents] taxid 10029 
 sp|Q9WU83.1|DPM1_CRIGR RecName: Full=Dolichol-phosphate ma...     172  1e-41 
 gb|AAD30975.1|AF121895_1 dolichol-phosphate-mannose syntha...     172  1e-41 
 
  Equus caballus (equine, ...) [odd-toed ungulates] taxid 9796 
 ref|XP_001488101.1| PREDICTED: similar to dolichyl-phospha...     172  2e-41 
 
 
Taxonomy Report  
root ...........................................................   196 hits  101 orgs  
. Fungi/Metazoa group ..........................................   195 hits  100 orgs [cellular organisms; Eukaryota] 
. . Dikarya ....................................................   109 hits   68 orgs [Fungi] 
. . . saccharomyceta ...........................................    97 hits   62 orgs [Ascomycota] 
. . . . Pezizomycotina .........................................    77 hits   50 orgs  
. . . . . leotiomyceta .........................................    75 hits   48 orgs  
. . . . . . sordariomyceta .....................................    19 hits   13 orgs  
. . . . . . . Sclerotiniaceae ..................................     4 hits    2 orgs [Leotiomycetes; Helotiales] 
. . . . . . . . Sclerotinia sclerotiorum 1980 UF-70 ............     2 hits    1 orgs [Sclerotinia; Sclerotinia sclerotiorum] 
. . . . . . . . Botryotinia fuckeliana B05.10 ..................     2 hits    1 orgs [Botryotinia; Botryotinia fuckeliana] 
. . . . . . . Sordariomycetes ..................................    15 hits   11 orgs  
. . . . . . . . Hypocreomycetidae ..............................     7 hits    6 orgs  
. . . . . . . . . Hypocreales ..................................     6 hits    5 orgs  
. . . . . . . . . . Hypocrea jecorina ..........................     1 hits    1 orgs [Hypocreaceae; Hypocrea] 
. . . . . . . . . . Metarhizium ................................     2 hits    2 orgs [Clavicipitaceae; mitosporic Clavicipitaceae] 
. . . . . . . . . . . Metarhizium acridum CQMa 102 .............     1 hits    1 orgs [Metarhizium acridum] 
. . . . . . . . . . . Metarhizium anisopliae ARSEF 23 ..........     1 hits    1 orgs [Metarhizium anisopliae] 
. . . . . . . . . . Nectriaceae ................................     3 hits    2 orgs  
. . . . . . . . . . . Nectria haematococca mpVI 77-13-4 ........     2 hits    1 orgs [Nectria; Nectria haematococca complex; Nectria haematococca; Nectria haematococca mpVI] 
. . . . . . . . . . . Gibberella zeae PH-1 .....................     1 hits    1 orgs [Gibberella; Gibberella zeae] 
. . . . . . . . . Glomerella graminicola M1.001 ................     1 hits    1 orgs [Hypocreomycetidae incertae sedis; Glomerellaceae; Glomerella; Glomerella graminicola] 
. . . . . . . . Sordariomycetidae ..............................     8 hits    5 orgs  
. . . . . . . . . Magnaporthe oryzae 70-15 .....................     2 hits    1 orgs [Magnaporthales; Magnaporthaceae; Magnaporthe; Magnaporthe oryzae] 
. . . . . . . . . Sordariales ..................................     5 hits    3 orgs  
. . . . . . . . . . Podospora anserina S mat+ ..................     2 hits    1 orgs [Lasiosphaeriaceae; Podospora; Podospora anserina] 
. . . . . . . . . . Sordariaceae ...............................     3 hits    2 orgs  
. . . . . . . . . . . Neurospora crassa OR74A ..................     2 hits    1 orgs [Neurospora; Neurospora crassa] 
. . . . . . . . . . . Sordaria macrospora ......................     1 hits    1 orgs [Sordaria] 
. . . . . . . . . Grosmannia clavigera kw1407 ..................     1 hits    1 orgs [Ophiostomatales; Ophiostomataceae; Grosmannia; Grosmannia clavigera] 
. . . . . . Pleosporineae ......................................     6 hits    4 orgs [dothideomyceta; Dothideomycetes; Pleosporomycetidae; Pleosporales] 
. . . . . . . Pyrenophora ......................................     3 hits    2 orgs [Pleosporaceae] 
. . . . . . . . Pyrenophora tritici-repentis Pt-1C-BFP .........     2 hits    1 orgs [Pyrenophora tritici-repentis] 
. . . . . . . . Pyrenophora teres f. teres 0-1 .................     1 hits    1 orgs [Pyrenophora teres; Pyrenophora teres f. teres] 
. . . . . . . Leptosphaeria maculans ...........................     1 hits    1 orgs [Leptosphaeriaceae; Leptosphaeria; Leptosphaeria maculans complex] 
. . . . . . . Phaeosphaeria nodorum SN15 .......................     2 hits    1 orgs [Phaeosphaeriaceae; Phaeosphaeria; Phaeosphaeria nodorum] 
. . . . . . Eurotiomycetidae ...................................    50 hits   31 orgs [Eurotiomycetes] 
. . . . . . . Onygenales .......................................    27 hits   18 orgs  
. . . . . . . . mitosporic Onygenales ..........................     9 hits    7 orgs  
. . . . . . . . . Coccidioides .................................     4 hits    3 orgs  
. . . . . . . . . . Coccidioides posadasii .....................     3 hits    2 orgs  
. . . . . . . . . . . Coccidioides posadasii C735 delta SOWgp ..     2 hits    1 orgs  
. . . . . . . . . . . Coccidioides posadasii str. Silveira .....     1 hits    1 orgs  
. . . . . . . . . . Coccidioides immitis RS ....................     1 hits    1 orgs [Coccidioides immitis] 
. . . . . . . . . Paracoccidioides .............................     5 hits    4 orgs  
. . . . . . . . . . Paracoccidioides brasiliensis ..............     5 hits    4 orgs  
. . . . . . . . . . . Paracoccidioides brasiliensis Pb01 .......     2 hits    1 orgs  
. . . . . . . . . . . Paracoccidioides brasiliensis Pb03 .......     1 hits    1 orgs  
. . . . . . . . . . . Paracoccidioides brasiliensis Pb18 .......     1 hits    1 orgs  
. . . . . . . . Ajellomyces ....................................     8 hits    6 orgs [Ajellomycetaceae] 
. . . . . . . . . Ajellomyces capsulatus .......................     5 hits    4 orgs  
. . . . . . . . . . Ajellomyces capsulatus NAm1 ................     2 hits    1 orgs  
. . . . . . . . . . Ajellomyces capsulatus G186AR ..............     1 hits    1 orgs  
. . . . . . . . . . Ajellomyces capsulatus H143 ................     1 hits    1 orgs  
. . . . . . . . . . Ajellomyces capsulatus H88 .................     1 hits    1 orgs  
. . . . . . . . . Ajellomyces dermatitidis .....................     3 hits    2 orgs  
. . . . . . . . . . Ajellomyces dermatitidis SLH14081 ..........     2 hits    1 orgs  
. . . . . . . . . . Ajellomyces dermatitidis ER-3 ..............     1 hits    1 orgs  
. . . . . . . . Arthrodermataceae ..............................     8 hits    4 orgs  
. . . . . . . . . Arthroderma ..................................     6 hits    3 orgs  
. . . . . . . . . . Arthroderma gypseum CBS 118893 .............     2 hits    1 orgs [Arthroderma gypseum] 
. . . . . . . . . . Arthroderma otae CBS 113480 ................     2 hits    1 orgs [Arthroderma otae] 
. . . . . . . . . . Arthroderma benhamiae CBS 112371 ...........     2 hits    1 orgs [Arthroderma benhamiae] 
. . . . . . . . . Trichophyton verrucosum HKI 0517 .............     2 hits    1 orgs [mitosporic Arthrodermataceae; Trichophyton; Trichophyton verrucosum] 
. . . . . . . . Uncinocarpus reesii 1704 .......................     2 hits    1 orgs [Onygenaceae; Uncinocarpus; Uncinocarpus reesii] 
. . . . . . . Trichocomaceae ...................................    23 hits   13 orgs [Eurotiales] 
. . . . . . . . mitosporic Trichocomaceae ......................    13 hits    8 orgs  
. . . . . . . . . Aspergillus ..................................     9 hits    6 orgs  
. . . . . . . . . . Aspergillus clavatus NRRL 1 ................     2 hits    1 orgs [Aspergillus clavatus] 
. . . . . . . . . . Aspergillus niger ..........................     2 hits    2 orgs  
. . . . . . . . . . . Aspergillus niger CBS 513.88 .............     1 hits    1 orgs  
. . . . . . . . . . Aspergillus oryzae .........................     3 hits    2 orgs  
. . . . . . . . . . . Aspergillus oryzae RIB40 .................     1 hits    1 orgs  
. . . . . . . . . . Aspergillus flavus NRRL3357 ................     2 hits    1 orgs [Aspergillus flavus] 
. . . . . . . . . Penicillium ..................................     4 hits    2 orgs  
. . . . . . . . . . Penicillium chrysogenum Wisconsin 54-1255 ..     2 hits    1 orgs [Penicillium chrysogenum complex; Penicillium chrysogenum] 
. . . . . . . . . . Penicillium marneffei ATCC 18224 ...........     2 hits    1 orgs [Penicillium marneffei] 
. . . . . . . . Neosartorya ....................................     5 hits    3 orgs  
. . . . . . . . . Neosartorya fischeri NRRL 181 ................     2 hits    1 orgs [Neosartorya fischeri group; Neosartorya fischeri] 
. . . . . . . . . Aspergillus fumigatus ........................     3 hits    2 orgs [Neosartorya fumigata] 
. . . . . . . . . . Aspergillus fumigatus Af293 ................     2 hits    1 orgs  
. . . . . . . . . . Aspergillus fumigatus A1163 ................     1 hits    1 orgs  
. . . . . . . . Aspergillus nidulans FGSC A4 ...................     3 hits    1 orgs [Emericella; Emericella nidulans; mitosporic Emericella nidulans] 
. . . . . . . . Talaromyces stipitatus ATCC 10500 ..............     2 hits    1 orgs [Talaromyces; Talaromyces stipitatus] 
. . . . . Tuber ................................................     2 hits    2 orgs [Pezizomycetes; Pezizales; Tuberaceae]  
. . . . . . Tuber melanosporum .................................     2 hits    2 orgs  
. . . . . . . Tuber melanosporum Mel28 .........................     1 hits    1 orgs  
. . . . Saccharomycetales ......................................    20 hits   12 orgs [Saccharomycotina; Saccharomycetes] 
. . . . . Candida ..............................................     9 hits    4 orgs [mitosporic Saccharomycetales]  
. . . . . . Candida albicans ...................................     5 hits    2 orgs  
. . . . . . . Candida albicans SC5314 ..........................     4 hits    1 orgs  
. . . . . . . Candida albicans WO-1 ............................     1 hits    1 orgs  
. . . . . . Candida dubliniensis CD36 ..........................     2 hits    1 orgs [Candida dubliniensis] 
. . . . . . Candida tropicalis MYA-3404 ........................     2 hits    1 orgs [Candida tropicalis] 
. . . . . Clavispora lusitaniae ATCC 42720 .....................     2 hits    1 orgs [Metschnikowiaceae; Clavispora; Clavispora lusitaniae] 
. . . . . Debaryomycetaceae ....................................     6 hits    4 orgs  
. . . . . . Debaryomyces .......................................     2 hits    2 orgs  
. . . . . . . Debaryomyces hansenii ............................     2 hits    2 orgs  
. . . . . . . . Debaryomyces hansenii CBS767 ...................     1 hits    1 orgs [Debaryomyces hansenii var. hansenii] 
. . . . . . Lodderomyces elongisporus NRRL YB-4239 .............     2 hits    1 orgs [Lodderomyces; Lodderomyces elongisporus] 
. . . . . . Scheffersomyces stipitis CBS 6054 ..................     2 hits    1 orgs [Scheffersomyces; Scheffersomyces stipitis] 
. . . . . Pichia angusta DL-1 ..................................     1 hits    1 orgs [Saccharomycetaceae; Pichia; Pichia angusta] 
. . . . . Yarrowia .............................................     2 hits    2 orgs [Dipodascaceae] 
. . . . . . Yarrowia lipolytica ................................     2 hits    2 orgs  
. . . . . . . Yarrowia lipolytica CLIB122 ......................     1 hits    1 orgs  
. . . Agaricomycotina ..........................................    12 hits    6 orgs [Basidiomycota] 
. . . . Agaricales .............................................     6 hits    3 orgs [Agaricomycetes; Agaricomycetidae] 
. . . . . Coprinopsis cinerea okayama7#130 .....................     2 hits    1 orgs [Psathyrellaceae; Coprinopsis; Coprinopsis cinerea] 
. . . . . Laccaria bicolor S238N-H82 ...........................     2 hits    1 orgs [Tricholomataceae; Laccaria; Laccaria bicolor] 
. . . . . Schizophyllum commune H4-8 ...........................     2 hits    1 orgs [Schizophyllaceae; Schizophyllum; Schizophyllum commune] 
. . . . Filobasidiella/Cryptococcus neoformans species complex .     6 hits    3 orgs [Tremellomycetes; Tremellales; Tremellaceae; Filobasidiella] 
. . . . . Cryptococcus gattii WM276 ............................     2 hits    1 orgs [Cryptococcus gattii] 
. . . . . Cryptococcus neoformans var. neoformans ..............     4 hits    2 orgs [Cryptococcus neoformans] 
. . . . . . Cryptococcus neoformans var. neoformans JEC21 ......     2 hits    1 orgs  
. . . . . . Cryptococcus neoformans var. neoformans B-3501A ....     2 hits    1 orgs  
. . Metazoa ....................................................    86 hits   32 orgs  
. . . Bilateria ................................................    84 hits   31 orgs [Eumetazoa] 
. . . . Coelomata ..............................................    79 hits   28 orgs  
. . . . . Deuterostomia ........................................    62 hits   19 orgs  
. . . . . . Chordata ...........................................    60 hits   18 orgs  
. . . . . . . Branchiostoma floridae ...........................     2 hits    1 orgs [Cephalochordata; Branchiostomidae; Branchiostoma] 
. . . . . . . Euteleostomi .....................................    58 hits   17 orgs [Craniata; Vertebrata; Gnathostomata; Teleostomi] 
. . . . . . . . Danio rerio ....................................     2 hits    1 orgs [Actinopterygii; Actinopteri; Neopterygii; Teleostei; Elopocephala; Clupeocephala; Otocephala; Ostariophysi; Otophysi; 
Cypriniphysi; Cypriniformes; Cyprinoidea; Cyprinidae; Danio] 
. . . . . . . . Tetrapoda ......................................    56 hits   16 orgs [Sarcopterygii] 
. . . . . . . . . Xenopus ......................................     5 hits    2 orgs [Amphibia; Batrachia; Anura; Mesobatrachia; Pipoidea; Pipidae; Xenopodinae] 
. . . . . . . . . . Xenopus laevis .............................     3 hits    1 orgs [Xenopus] 
. . . . . . . . . . Xenopus (Silurana) tropicalis ..............     2 hits    1 orgs [Silurana] 
. . . . . . . . . Amniota ......................................    51 hits   14 orgs  
. . . . . . . . . . Theria .....................................    48 hits   12 orgs [Mammalia] 
. . . . . . . . . . . Eutheria .................................    47 hits   11 orgs  
. . . . . . . . . . . . Euarchontoglires .......................    39 hits    7 orgs  
. . . . . . . . . . . . . Muroidea .............................    24 hits    3 orgs [Glires; Rodentia; Sciurognathi] 
. . . . . . . . . . . . . . Murinae ............................    22 hits    2 orgs [Muridae] 
. . . . . . . . . . . . . . . Mus musculus .....................    13 hits    1 orgs [Mus; Mus] 
. . . . . . . . . . . . . . . Rattus norvegicus ................     9 hits    1 orgs [Rattus] 
. . . . . . . . . . . . . . Cricetulus griseus .................     2 hits    1 orgs [Cricetidae; Cricetinae; Cricetulus] 
. . . . . . . . . . . . . Catarrhini ...........................    15 hits    4 orgs [Primates; Haplorrhini; Simiiformes] 
. . . . . . . . . . . . . . Hominidae ..........................    14 hits    3 orgs [Hominoidea] 
. . . . . . . . . . . . . . . Homininae ........................    13 hits    2 orgs  
. . . . . . . . . . . . . . . . Homo sapiens ...................    10 hits    1 orgs [Homo] 
. . . . . . . . . . . . . . . . Pan troglodytes ................     3 hits    1 orgs [Pan] 
. . . . . . . . . . . . . . . Pongo abelii .....................     1 hits    1 orgs [Ponginae; Pongo] 
. . . . . . . . . . . . . . Macaca mulatta .....................     1 hits    1 orgs [Cercopithecoidea; Cercopithecidae; Cercopithecinae; Macaca] 
. . . . . . . . . . . . Laurasiatheria .........................     8 hits    4 orgs  
. . . . . . . . . . . . . Caniformia ...........................     2 hits    2 orgs [Carnivora] 
. . . . . . . . . . . . . . Canis lupus familiaris .............     1 hits    1 orgs [Canidae; Canis; Canis lupus] 
. . . . . . . . . . . . . . Ailuropoda melanoleuca .............     1 hits    1 orgs [Ursidae; Ailuropoda] 
. . . . . . . . . . . . . Sus scrofa ...........................     5 hits    1 orgs [Cetartiodactyla; Suina; Suidae; Sus] 
. . . . . . . . . . . . . Equus caballus .......................     1 hits    1 orgs [Perissodactyla; Equidae; Equus; Equus subg. Equus] 
. . . . . . . . . . . Monodelphis domestica ....................     1 hits    1 orgs [Metatheria; Didelphimorphia; Didelphidae; Didelphinae; Monodelphis] 
. . . . . . . . . . Neognathae .................................     3 hits    2 orgs [Sauropsida; Sauria; Archosauria; Dinosauria; Saurischia; Theropoda; Coelurosauria; Aves] 
. . . . . . . . . . . Taeniopygia guttata ......................     2 hits    1 orgs [Passeriformes; Passeroidea; Estrildidae; Estrildinae; Taeniopygia] 
. . . . . . . . . . . Gallus gallus ............................     1 hits    1 orgs [Galliformes; Phasianidae; Phasianinae; Gallus] 
. . . . . . Strongylocentrotus purpuratus ......................     2 hits    1 orgs [Echinodermata; Eleutherozoa; Echinozoa; Echinoidea; Euechinoidea; Echinacea; Echinoida; Strongylocentrotidae; 
Strongylocentrotus] 
. . . . . Neoptera .............................................    17 hits    9 orgs [Protostomia; Panarthropoda; Arthropoda; Mandibulata; Pancrustacea; Hexapoda; Insecta; Dicondylia; Pterygota] 
. . . . . . Endopterygota ......................................    16 hits    8 orgs  
. . . . . . . Aculeata .........................................     2 hits    2 orgs [Hymenoptera; Apocrita] 
. . . . . . . . Apis mellifera .................................     1 hits    1 orgs [Apoidea; Apidae; Apinae; Apini; Apis] 
. . . . . . . . Solenopsis invicta .............................     1 hits    1 orgs [Vespoidea; Formicidae; Myrmicinae; Solenopsidini; Solenopsis] 
. . . . . . . Sophophora .......................................    14 hits    6 orgs [Diptera; Brachycera; Muscomorpha; Eremoneura; Cyclorrhapha; Schizophora; Acalyptratae; Ephydroidea; Drosophilidae; 
Drosophilinae; Drosophilini; Drosophilina; Drosophiliti; Drosophila] 
. . . . . . . . melanogaster subgroup ..........................    12 hits    5 orgs [melanogaster group] 
. . . . . . . . . Drosophila melanogaster ......................     4 hits    1 orgs  
. . . . . . . . . Drosophila sechellia .........................     2 hits    1 orgs  
. . . . . . . . . Drosophila simulans ..........................     2 hits    1 orgs  
. . . . . . . . . Drosophila yakuba ............................     2 hits    1 orgs  
. . . . . . . . . Drosophila erecta ............................     2 hits    1 orgs  
. . . . . . . . Drosophila willistoni ..........................     2 hits    1 orgs [willistoni group; willistoni subgroup] 
. . . . . . Acyrthosiphon pisum ................................     1 hits    1 orgs [Paraneoptera; Hemiptera; Sternorrhyncha; Aphidiformes; Aphidomorpha; Aphidoidea; Aphididae; Aphidinae; Macrosiphini; 
Acyrthosiphon] 
. . . . Chromadorea ............................................     5 hits    3 orgs [Pseudocoelomata; Nematoda] 
. . . . . Ascaris suum .........................................     1 hits    1 orgs [Ascaridida; Ascaridoidea; Ascarididae; Ascaris] 
. . . . . Onchocercidae ........................................     4 hits    2 orgs [Spirurida; Filarioidea] 
. . . . . . Loa loa ............................................     2 hits    1 orgs [Loa] 
. . . . . . Brugia malayi ......................................     2 hits    1 orgs [Brugia] 
. . . Trichoplax adhaerens .....................................     2 hits    1 orgs [Placozoa; Trichoplax] 














>gi|156058294|ref|XP_001595070.1| hypothetical protein SS1G_03158 








>gi|154309328|ref|XP_001553998.1| hypothetical protein BC1G_07558 

















>gi|310797741|gb|EFQ32634.1| glycosyltransferase sugar-binding region 
















>gi|116192993|ref|XP_001222309.1| hypothetical protein CHGG_06214 


























>gi|169600181|ref|XP_001793513.1| hypothetical protein SNOG_02920 

























>gi|311328310|gb|EFQ93438.1| hypothetical protein PTT_09202 [Pyrenophora 












































>gi|302895689|ref|XP_003046725.1| hypothetical protein NECHADRAFT_105919 
















>gi|320034350|gb|EFW16295.1| hypothetical protein CPSG_07345 [Coccidioides 







 >gi|303320023|ref|XP_003070011.1| initiation-specific alpha-1,6-








>gi|119183770|ref|XP_001242878.1| hypothetical protein CIMG_06774 








>gi|261202046|ref|XP_002628237.1| alpha-1,6-mannosyltransferase subunit 








>gi|239612046|gb|EEQ89033.1| alpha-1,6-mannosyltransferase subunit 

























>gi|258570739|ref|XP_002544173.1| conserved hypothetical protein 








>gi|115398736|ref|XP_001214957.1| hypothetical protein ATEG_05779 








>gi|145237860|ref|XP_001391577.1| alpha-1,6-mannosyltransferase subunit 


























>gi|159126485|gb|EDP51601.1| alpha-1,6-mannosyltransferase subunit (Och1), 









>gi|119479597|ref|XP_001259827.1| alpha-1,6-mannosyltransferase subunit 








>gi|70998096|ref|XP_753779.1| alpha-1,6-mannosyltransferase subunit (Och1) 


















>gi|296816695|ref|XP_002848684.1| alpha 1,6 mannosyltransferase 








>gi|121713164|ref|XP_001274193.1| alpha-1,6-mannosyltransferase subunit 








>gi|212534636|ref|XP_002147474.1| alpha-1,6-mannosyltransferase subunit 








>gi|317150328|ref|XP_001823952.2| alpha-1,6-mannosyltransferase subunit 








>gi|242790710|ref|XP_002481608.1| alpha-1,6-mannosyltransferase subunit 








>gi|67537092|ref|XP_662320.1| hypothetical protein AN4716.2 [Aspergillus 








>gi|238499555|ref|XP_002381012.1| alpha-1,6-mannosyltransferase subunit 


























>gi|302505858|ref|XP_003014886.1| glycosyl transferase, putative 










>gi|302663601|ref|XP_003023441.1| glycosyl transferase, putative 











































>gi|190348963|gb|EDK41524.2| hypothetical protein PGUG_05622 [Meyerozyma 








>gi|146413262|ref|XP_001482602.1| hypothetical protein PGUG_05622 

























>gi|150864372|ref|XP_001383155.2| membrane-bound alpha-1,6- 


























mannosyltransferase, putative; mannosyltransferase of the cis-Golgi 
















 >gi|260947804|ref|XP_002618199.1| hypothetical protein CLUG_01658 








>gi|254564971|ref|XP_002489596.1| Mannosyltransferase of the cis-Golgi 












































>gi|150865484|ref|XP_001384720.2| hypothetical protein PICST_72561 








>gi|149240603|ref|XP_001526176.1| hypothetical protein LELG_02734 
















>gi|156849247|ref|XP_001647504.1| hypothetical protein Kpol_1018p186 
















>gi|149236083|ref|XP_001523919.1| conserved hypothetical protein 








>gi|190346472|gb|EDK38566.2| hypothetical protein PGUG_02664 [Meyerozyma 








>gi|146417936|ref|XP_001484935.1| hypothetical protein PGUG_02664 


























>gi|241956410|ref|XP_002420925.1| alpha-1,6-mannosyltransferase, putative; 








>gi|260940971|ref|XP_002615325.1| hypothetical protein CLUG_04207 




































>gi|19115764|ref|NP_594852.1| alpha-1,6-mannosyltransferase Och1 








>gi|156841296|ref|XP_001644022.1| hypothetical protein Kpol_1026p11 





















































































>gi|156845958|ref|XP_001645868.1| hypothetical protein Kpol_1054p58 








>gi|254571473|ref|XP_002492846.1| Alpha-1,6-mannosyltransferase involved in 


























































>gi|310801436|gb|EFQ36329.1| glycosyltransferase sugar-binding region 









>gi|302891711|ref|XP_003044737.1| glycosyltransferase family 32 [Nectria 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CLUSTAL W (1.81) multiple sequence alignment 
 
 
1_Pichia_angusta                    -------------------------------------------------- 
2_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
2_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
3_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
4_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
2_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_dubliniensis_CD36         -------------------------------------------------- 
2_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
2_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
1_Lachancea_thermotolerans          -------------------------------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
1_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Zygosaccharomyces_rouxii          -------------------------------------------------- 
1_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
4_Saccharomyces_cerevisiae_AWR      -------------------------------------------------- 
3_Saccharomyces_cerevisiae_EC1      -------------------------------------------------- 
5_Saccharomyces_cerevisiae_Lal      -------------------------------------------------- 
6_Saccharomyces_cerevisiae_YJM      -------------------------------------------------- 
Saccharomyces_cerevisiae            -------------------------------------------------- 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          -------------------------------------------------- 
3_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
1_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
1_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
1_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
1_Candida_dubliniensis_CD36         -------------------------------------------------- 
1_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
1_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
Pichia_minuta_var._minuta           -------------------------------------------------- 
2_Pichia_angusta                    -------------------------------------------------- 
1_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
2_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Zygosaccharomyces_rouxii          -------------------------------------------------- 
2_Candida_glabrata_CBS_138          -------------------------------------------------- 
2_Lachancea_thermotolerans          -------------------------------------------------- 
1_Coccidioides_posadasii_str._      -------------------------------------------------- 
Coccidioides_immitis_RS             -------------------------------------------------- 
Uncinocarpus_reesii_1704            -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      MASLLNLEGLGVRNEAGPPEDRDGGSGLLTLLHSNSPGHIYSAGCCSGSG 
Trichophyton_verrucosum_HKI_05      MASLLNLEGLGVRNEAGPLEDRDGGSGLLTLLHSNSPGHIYSAGCCSGS- 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
1_Aspergillus_fumigatus_A1163       -------------------------------------------------- 
2_Aspergillus_fumigatus_Af293       -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
3_Ajellomyces_capsulatus_H143       -------------------------------------------------- 
2_Ajellomyces_capsulatus_G186A      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      -------------------------------------------------- 
Pyrenophora_teres_f._teres_0-1      -------------------------------------------------- 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
Sclerotinia_sclerotiorum_1980       -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       -------------------------------------------------- 
bgh02742                            -------------------------------------------------- 
1_Glomerella_graminicola_M1.00      -------------------------------------------------- 
Magnaporthe_oryzae_70-15            -------------------------------------------------- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -------------------------------------------------- 
Neurospora_crassa_OR74A             -------------------------------------------------- 
Sordaria_macrospora                 -------------------------------------------------- 
Chaetomium_globosum_CBS_148.51      -------------------------------------------------- 
Podospora_anserina_S_mat+           -------------------------------------------------- 
Gibberella_zeae_PH-1                -------------------------------------------------- 
1_Nectria_haematococca_mpVI_77      -------------------------------------------------- 
Metarhizium_anisopliae_ARSEF_2      -------------------------------------------------- 
Metarhizium_acridum_CQMa_102        -------------------------------------------------- 
Yarrowia_lipolytica                 -------------------------------------------------- 
Schizosaccharomyces_pombe_972h      -------------------------------------------------- 
Schizosaccharomyces_japonicus_      -------------------------------------------------- 
2_Glomerella_graminicola_M1.00      -------------------------------------------------- 
2_Nectria_haematococca_mpVI_77      -------------------------------------------------- 
3_Pichia_angusta                    -------------------------------------------------- 
                                                                                       
 
1_Pichia_angusta                    -------------------------------------------------- 
2_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
2_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
3_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
4_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
2_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_dubliniensis_CD36         -------------------------------------------------- 
2_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
2_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
1_Lachancea_thermotolerans          -------------------------------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
1_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Zygosaccharomyces_rouxii          -------------------------------------------------- 
1_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
4_Saccharomyces_cerevisiae_AWR      -------------------------------------------------- 
3_Saccharomyces_cerevisiae_EC1      -------------------------------------------------- 
5_Saccharomyces_cerevisiae_Lal      -------------------------------------------------- 
6_Saccharomyces_cerevisiae_YJM      -------------------------------------------------- 
Saccharomyces_cerevisiae            -------------------------------------------------- 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          -------------------------------------------------- 
3_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
1_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
1_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
1_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
1_Candida_dubliniensis_CD36         -------------------------------------------------- 
1_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
1_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
Pichia_minuta_var._minuta           -------------------------------------------------- 
2_Pichia_angusta                    -------------------------------------------------- 
1_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
2_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Zygosaccharomyces_rouxii          -------------------------------------------------- 
2_Candida_glabrata_CBS_138          -------------------------------------------------- 
2_Lachancea_thermotolerans          -------------------------------------------------- 
1_Coccidioides_posadasii_str._      -------------------------------------------------- 
Coccidioides_immitis_RS             -------------------------------------------------- 
Uncinocarpus_reesii_1704            -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      SEGWSCLSRVAWLLSIFDPIAGDEVDVAGLAVGNVTRRSPFLPPPKHTPD 
Trichophyton_verrucosum_HKI_05      -EGWSCLSRVAWLLSIFDPIAGDEVDVAGLAVGNVTRRSPFLPPPKHAPD 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
1_Aspergillus_fumigatus_A1163       -------------------------------------------------- 
2_Aspergillus_fumigatus_Af293       -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
3_Ajellomyces_capsulatus_H143       -------------------------------------------------- 
2_Ajellomyces_capsulatus_G186A      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      -------------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      -------------------------------------------------- 
Pyrenophora_tritici-repentis_P      -------------------------------------------------- 
Pyrenophora_teres_f._teres_0-1      -------------------------------------------------- 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
Sclerotinia_sclerotiorum_1980       -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       -------------------------------------------------- 
bgh02742                            -------------------------------------------------- 
1_Glomerella_graminicola_M1.00      -------------------------------------------------- 
Magnaporthe_oryzae_70-15            -------------------------------------------------- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -------------------------------------------------- 
Neurospora_crassa_OR74A             -------------------------------------------------- 
Sordaria_macrospora                 -------------------------------------------------- 
Chaetomium_globosum_CBS_148.51      -------------------------------------------------- 
Podospora_anserina_S_mat+           -------------------------------------------------- 
Gibberella_zeae_PH-1                -------------------------------------------------- 
1_Nectria_haematococca_mpVI_77      -------------------------------------------------- 
Metarhizium_anisopliae_ARSEF_2      -------------------------------------------------- 
Metarhizium_acridum_CQMa_102        -------------------------------------------------- 
Yarrowia_lipolytica                 -------------------------------------------------- 
Schizosaccharomyces_pombe_972h      -------------------------------------------------- 
Schizosaccharomyces_japonicus_      -------------------------------------------------- 
2_Glomerella_graminicola_M1.00      -------------------------------------------------- 
2_Nectria_haematococca_mpVI_77      -------------------------------------------------- 
3_Pichia_angusta                    -------------------------------------------------- 
                                                                                       
 
1_Pichia_angusta                    -------------------------------------------------- 
2_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
2_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
3_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
4_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
2_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
1_Candida_albicans_SC5314           -------------------------------------------------M 
2_Candida_dubliniensis_CD36         -------------------------------------------------M 
2_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
2_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
1_Lachancea_thermotolerans          ----------------MRLYHIFRFTLRNNSSNHLDADQSFNSTIKIFPT 
1_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
1_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Zygosaccharomyces_rouxii          -------------------------------------------------- 
1_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
4_Saccharomyces_cerevisiae_AWR      -------------------------------------------------- 
3_Saccharomyces_cerevisiae_EC1      -------------------------------------------------- 
5_Saccharomyces_cerevisiae_Lal      -------------------------------------------------- 
6_Saccharomyces_cerevisiae_YJM      -------------------------------------------------- 
Saccharomyces_cerevisiae            -------------------------------------------------- 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          -------------------------------------------------- 
3_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
1_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
1_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
1_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
2_Candida_albicans_SC5314           -------------------------------------------------- 
1_Candida_dubliniensis_CD36         -------------------------------------------------- 
1_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
1_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
Pichia_minuta_var._minuta           ----------------------------------------------MNYH 
2_Pichia_angusta                    ---------------------------------------------MVYFL 
1_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
2_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Saccharomyces_cerevisiae_S28      -------------------------------------------------- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      -------------------------------------------------- 
2_Zygosaccharomyces_rouxii          -------------------------------------------------- 
2_Candida_glabrata_CBS_138          -------------------------------------------------- 
2_Lachancea_thermotolerans          -------------------------------------------------- 
1_Coccidioides_posadasii_str._      -------------------------------------------------- 
Coccidioides_immitis_RS             -------------------------------------------------- 
Uncinocarpus_reesii_1704            -------------------------------------------------- 
Arthroderma_benhamiae_CBS_1123      PPPPSAPSHPQPRPAYIKPNPPAFSLPFLPFFHSVIPLRLLFLLFAFFFF 
Trichophyton_verrucosum_HKI_05      PPPPAAPSHPQPRPAYITPNPPAFSLPFLPFFHSVIPLRLLFLLFAFFFF 
Arthroderma_gypseum_CBS_118893      -------------------------------------------------- 
Arthroderma_otae_CBS_113480         -------------------------------------------------- 
1_Aspergillus_fumigatus_A1163       -------------------------------------------------- 
2_Aspergillus_fumigatus_Af293       -------------------------------------------------- 
Neosartorya_fischeri_NRRL_181       -------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         -------------------------------------------------- 
Aspergillus_oryzae_RIB40            -------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_terreus_NIH2624         -------------------------------------------------- 
Aspergillus_niger_CBS_513.88        -------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        -------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      -------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        -------------------------------------------------- 
3_Ajellomyces_capsulatus_H143       -------------------------------------------------- 
2_Ajellomyces_capsulatus_G186A      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_SLH      -------------------------------------------------- 
1_Paracoccidioides_brasiliensi      -------------------------------------------------- 
2_Paracoccidioides_brasiliensi      -------------------------------------------------- 
3_Paracoccidioides_brasiliensi      -------------------------------------------------- 
Penicillium_marneffei_ATCC_182      ----------------------------------------------MKDL 
Talaromyces_stipitatus_ATCC_10      ----------------------------------------------MKEI 
Pyrenophora_tritici-repentis_P      -------------------------------------------------- 
Pyrenophora_teres_f._teres_0-1      -------------------------------------------------- 
Leptosphaeria_maculans              -------------------------------------------------- 
Phaeosphaeria_nodorum_SN15          -------------------------------------------------- 
Tuber_melanosporum_Mel28            -------------------------------------------------- 
Sclerotinia_sclerotiorum_1980       -------------------------------------------------- 
Botryotinia_fuckeliana_B05.10       -------------------------------------------------- 
bgh02742                            -------------------------------------------------- 
1_Glomerella_graminicola_M1.00      -------------------------------------------------- 
Magnaporthe_oryzae_70-15            -------------------------------------------------- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -------------------------------------------------- 
Neurospora_crassa_OR74A             -------------------------------------------------- 
Sordaria_macrospora                 -------------------------------------------------- 
Chaetomium_globosum_CBS_148.51      -------------------------------------------------- 
Podospora_anserina_S_mat+           -------------------------------------------------- 
Gibberella_zeae_PH-1                -------------------------------------------------- 
1_Nectria_haematococca_mpVI_77      -------------------------------------------------- 
Metarhizium_anisopliae_ARSEF_2      -------------------------------------------------- 
Metarhizium_acridum_CQMa_102        -------------------------------------------------- 
Yarrowia_lipolytica                 -------------------------------------------------- 
Schizosaccharomyces_pombe_972h      -------------------------------------------------- 
Schizosaccharomyces_japonicus_      -------------------------------------------------- 
2_Glomerella_graminicola_M1.00      -------------------------------------------------- 
2_Nectria_haematococca_mpVI_77      ---------------------------------------MASGPRRNLPT 
3_Pichia_angusta                    -------------------------------------------------- 
                                                                                       
 
1_Pichia_angusta                    ---------MKINTVKRTLLLSVSIVAIVVVLIRLSSDSTPDLHQVLSPG 
2_Pichia_pastoris_GS115             ---------MQQQLFRKVIWLTVGLITVILVIIKISSSKS---------- 
2_Scheffersomyces_stipitis_CBS      ------MSLPILHNRKRPIVITVVVLVILLLITKVSTSKHSAK------- 
2_Debaryomyces_hansenii_CBS767      ---------MNFNKRKRPIVISIIVIAILLVLTKLLTLPKSSE------- 
3_Meyerozyma_guilliermondii_AT      ----------MKNSRRRSVTLAILALIVLSAVGIVAFSRSKP-------- 
4_Meyerozyma_guilliermondii_AT      ----------MKNSRRRLVTLAILALIVLLAVGIVAFSRSKP-------- 
2_Clavispora_lusitaniae_ATCC_4      ------MNQTSMGTRRKPVIITVVLVAILLIVVRLSTAQSRD-------- 
1_Candida_albicans_SC5314           TKYTTTASRRTGFRRHIPIILIIIILGLLVTFFFGFSSFKGAK------- 
2_Candida_dubliniensis_CD36         SKYTTTSSRRSGFRRHIPLILTFTILGLLLTFFG-FSSFKGAK------- 
2_Candida_tropicalis_MYA-3404       -MTKFKTSSRVGFRKYVPIILTLTILGLIITFFS-FPSLNGGK------- 
2_Lodderomyces_elongisporus_NR      --MTKYRAQKNGTWRKFLISFSVLSIILITLALLNYSSANGAK------- 
1_Lachancea_thermotolerans          QRSANMPKSRRPTWKRYVVWAVLLTIALALVGRFVSN-RTATD------- 
1_Kluyveromyces_lactis_NRRL_Y-      -----MAKGKRNNWRRIATIAIPLVFAVVVLFKMLNYSTTAAD------- 
1_Ashbya_gossypii_ATCC_10895        ---MMARRIKASHWRRYVFFAIPLLIGGLFLLRFVSISNSKD-------- 
1_Zygosaccharomyces_rouxii          -----MAKSREGVTLKRLLLFIIPSIACLVLLFRFFNNSKAAD------- 
1_Vanderwaltozyma_polyspora_DS      -----MGKAKRNTNVKRLILTIMMSIIGLYGLMRFLNNHKSTD------- 
2_Saccharomyces_cerevisiae_S28      ---MAKTTKRASSFRRLMIFAIIALISLAFGVRYLFHNSNATD------- 
4_Saccharomyces_cerevisiae_AWR      -----------------MIFAIIALISLAFGVRYLFHNSNATD------- 
3_Saccharomyces_cerevisiae_EC1      ---MAKTTKRASSFRRLMIFAIIALISLAFGVRYLFHNSNATD------- 
5_Saccharomyces_cerevisiae_Lal      -----------------MIFAIIALISLAFGVRYLFHNSNATD------- 
6_Saccharomyces_cerevisiae_YJM      ---MAKTTKRASSFRRLMIFAIIALISLAFGVRYLFHNSNATD------- 
Saccharomyces_cerevisiae            ---MAKTTKRASSFRRLMIFAIIALISLAFGVRYLFHNSNATD------- 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          ---MTMARKRSNFKILRIFFFLIAGLAGIALLLKLSSNARASD------- 
3_Vanderwaltozyma_polyspora_DS      ----MAKTRRADPPIKTLSIVGTIVVISVIIIIKFISSSHSHD------- 
1_Meyerozyma_guilliermondii_AT      ----------MKQKQVKIAVVVLAVFYLLYTFHTSFTTPKHSA------- 
1_Debaryomyces_hansenii_CBS767      ----------MIKKRIEVIVKVVAILYLIYLFCRSFSVPKYKS------- 
1_Scheffersomyces_stipitis_CBS      ----------MINKRVRLGLIAVLVLYLLYGFFRTFSVPGSSH------- 
1_Clavispora_lusitaniae_ATCC_4      --------MVGPRRKLRIGIISIVLLFLLYTFVSTVSVPRHVT------- 
2_Candida_albicans_SC5314           --MLQLREPQMVHKHLKLAVLGIVVIFTTYFIISSLSSPTSTH------- 
1_Candida_dubliniensis_CD36         --MLQLREPKMVHRHLKLAILGIIVIVTTFFLISSLSNPSLTH------- 
1_Candida_tropicalis_MYA-3404       ----------MRSKDIRLVLVGLFTISVTYFLISTFFG-SNSN------- 
1_Lodderomyces_elongisporus_NR      ---------MGRRNYRNYILGTAILISFYYFYLFFNTTKSSAS------- 
Pichia_minuta_var._minuta           DLYDDSKRQSLMRKARKFAEMNKKLVVVVILTMYVVSRLASVG------- 
2_Pichia_angusta                    NFMSITNVPVLKRARLYMATNRRLVVVLVVLLYWVVQNVWTWS------- 
1_Pichia_pastoris_GS115             -------MAKADGSLLYYNPHNPPRRYYFYMAIFAVSVICVLY------- 
2_Kluyveromyces_lactis_NRRL_Y-      ---------MGLPKISRRTRYIIVIVLILYLLFSVQWNTAKVN------- 
2_Ashbya_gossypii_ATCC_10895        -----------MFKVTRRARVAVLAAVIGLAVLSTEWSNRRLH------- 
1_Saccharomyces_cerevisiae_S28      -----MSRKLSHLIATRKSKTIVVTVLLIYSLLTFHLSNKRLL------- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      --MVKLVPFLRNLFASKRGRLIIVSIILIYSFFSIQISNNSKF------- 
2_Zygosaccharomyces_rouxii          ---MIKPLNKSEFRLDKRTKQIFFGILLLYSLVAFHLSNKKYA------- 
2_Candida_glabrata_CBS_138          -------------MSKWQKRHIVLAVLVLVVFLRVHGNLRGLS------- 
2_Lachancea_thermotolerans          -----------MLKFNKKERTILTSVVFLYVIASFQLSSWKLE------- 
1_Coccidioides_posadasii_str._      -----------MISFRRCLIIAATFLAFMYILHLSGSG------------ 
Coccidioides_immitis_RS             -----------MISFRRCLIIAATFLAFMYILHLSGSG------------ 
Uncinocarpus_reesii_1704            -----------MISFRRCVILAVSLLSFTFILHLSTGS------------ 
Arthroderma_benhamiae_CBS_1123      FFFLAVPG-ANMISFRKCVVIAFFILSGIFLLHTAHIQPALAK------- 
Trichophyton_verrucosum_HKI_05      FFFFLTVPGANMISFRKCVVIAFFILSGIFLLHTAHIKPTLAK------- 
Arthroderma_gypseum_CBS_118893      -----------MISFRKCVVIAFFILSGIFLLHTAHARPALAK------- 
Arthroderma_otae_CBS_113480         -----------MISFRKCVFIAFLILSGGFLLHAAHIKPVSAN------- 
1_Aspergillus_fumigatus_A1163       -----------MLTFRKSLIAAVVLITFVVLLRSAHSSPS-AE------- 
2_Aspergillus_fumigatus_Af293       -----------MLTFRKSLIAAVVLITFVVLLRSAHSSPS-AE------- 
Neosartorya_fischeri_NRRL_181       -----------MLTFRKSLIAAVVLITFVVLLRSAHSSPS-AE------- 
Aspergillus_clavatus_NRRL_1         -----------MLTFRKSLIAAVILITFIVLLRSAHSGPS-TH------- 
Aspergillus_oryzae_RIB40            -----------MLTYRKSLIAALFLITFVVLLRSSHSASSPSP------- 
Aspergillus_flavus_NRRL3357         -----------MLTYRKSLIAALFLITFVVLLRSSHSASSPSP------- 
Aspergillus_terreus_NIH2624         -----------MITFRKSLIAAVFFVTFIFLLRSSHSSPS--Y------- 
Aspergillus_niger_CBS_513.88        -----------MLTFRKSLLAAALLITFIVYLRSSHTASSLPS------- 
Aspergillus_nidulans_FGSC_A4        -----------MLTFRKALIVAAIFITLILFLRSSHSGPESAA------- 
Penicillium_chrysogenum_Wiscon      -----------MITPRKVLLSLLCVVTFVLILRSFR--DPEVP------- 
1_Ajellomyces_capsulatus_H88        -----------MITFRRSIAATLLLLASFYFLLSSRSHSCFRL------- 
3_Ajellomyces_capsulatus_H143       -----------MITFRRSIAATLLLLASFYFLLSSRSHSCFRL------- 
2_Ajellomyces_capsulatus_G186A      -----------MITFRRSIAATLLLLASFYFLLSSRSHSCFRL------- 
1_Ajellomyces_dermatitidis_SLH      -----------MITFRRSIAATIFLLTSFFFLLSSHSNSNTRP------- 
1_Paracoccidioides_brasiliensi      -----------MITFRRSLVVALFLLSCIVLLHSSHSPKLLNP------- 
2_Paracoccidioides_brasiliensi      -----------MITFRRSLVVSLFLLSCIVLLHSSHSPKLLNP------- 
3_Paracoccidioides_brasiliensi      -----------MITFRRSLVAALFLLSCILLLHSSHSAKPLKP------- 
Penicillium_marneffei_ATCC_182      ESRYYPARTSTMARTRRAIIAFALLVSIILLFRSFSASTIYDS------- 
Talaromyces_stipitatus_ATCC_10      ESRQYPAKNPTMAPIRRAIIAFALLVGIIFLFRPFSTSDAAYR------- 
Pyrenophora_tritici-repentis_P      -----------MLSFKKALVLSLACLTLFFIFKAQHHGNTAPN------- 
Pyrenophora_teres_f._teres_0-1      -----------MLSFKKALVLSLACLTLFFIFKAQHHGNTAPN------- 
Leptosphaeria_maculans              -----------MLTFKKALVLSLACLTLFFMFKSHHTN-TTPN------- 
Phaeosphaeria_nodorum_SN15          -----------MLTFKKALVLSLACLTLFFLFKSHHQS-SAPN------- 
Tuber_melanosporum_Mel28            -----------MLSFRRAIVLSVFLLFCIFYLYPRNPRSPHEP------- 
Sclerotinia_sclerotiorum_1980       ---------------------------MVFLITRTHNPPTSND------- 
Botryotinia_fuckeliana_B05.10       -----------MLTFRRALIAAAFFLTMVFLVTRSHNQPTSND------- 
bgh02742                            -----------MLSFRQAFVGAVLVLTVLYFTTHTHPLVSRRS------- 
1_Glomerella_graminicola_M1.00      -----------MLTPRRAIAVAAFLLVVFYLISSSHDTSPAVV------- 
Magnaporthe_oryzae_70-15            -----------MLTFKRALIAAAFFLTVLYLTTRPAATSPPTT------- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -----------MLTFRRALAAAAIIIVILYLTTQTHSS----H------- 
Neurospora_crassa_OR74A             -----------MLTFRRALVAAAFFLTIFYLISSSSSNPPSTT------- 
Sordaria_macrospora                 -----------MLTFRRALVAAAFFLTVFYLISSSSSNPPSVT------- 
Chaetomium_globosum_CBS_148.51      -----------MLSFRRALVAAAIFITILFFTTRSTSPSASSL------- 
Podospora_anserina_S_mat+           -----------MLTFRRALVAAVFFIAVLFLTTRSSSPAASAA------- 
Gibberella_zeae_PH-1                -----------MLNSRRAIVAAVFVLTVFFLLTRSHSSTPVVP------- 
1_Nectria_haematococca_mpVI_77      -----------MINSRRAIVAAVFILTVFFLLSRSHQSTPSVP------- 
Metarhizium_anisopliae_ARSEF_2      -----------MANSRRAVAAAVLVFLIFFLTLRSHSSPAQSR------- 
Metarhizium_acridum_CQMa_102        -----------MANSRRALAAAVLIFLIFFLTLRSHSSPAQSS------- 
Yarrowia_lipolytica                 ---------MALITARRVILLGLAVATVCFLFFGSSEKIAPTV------- 
Schizosaccharomyces_pombe_972h      -------MLRLRLRSIVIGAAIAGSILLLFNHGSIEGMEDLTE------- 
Schizosaccharomyces_japonicus_      -----------MIKRGRYGLLLVVAIILYVSFSSISDFDGLNE------- 
2_Glomerella_graminicola_M1.00      --------------------MSSPIMSPLSPR-SPIGSTKAN-------- 
2_Nectria_haematococca_mpVI_77      SLRIPPSTVEWTVTKKYDSINTREIEKMGSPLGSPTLAASTA-------- 
3_Pichia_angusta                    ---------MSKASPYRGINSTSSTSPKFKKLSIFVGLLLG--------- 
                                                                                       
 
1_Pichia_angusta                    VPMSDSSQQDHQGRGRGRRGSGLGLSGKSN-SEELEIARKLNELTEKLLN 
2_Pichia_pastoris_GS115             -----TATDLQKVLKNANILPQDVINYNSR-KVTDELASKLDEIQKKYLS 
2_Scheffersomyces_stipitis_CBS      ----NIQEVLQSLPNENILGLSKLVNNENE-KSQDEFFARLEKSNKKFFS 
2_Debaryomyces_hansenii_CBS767      ----NFQKVFQNIPNENILGISKLIYNQNE-KTQDEFLNKLERLNKKLIA 
3_Meyerozyma_guilliermondii_AT      -----------SLNLKNDNSLFSLLSSQSE-KSQEELVARLEKLTRKLTS 
4_Meyerozyma_guilliermondii_AT      -----------SLNLKNDNSLFSLLSSQSE-KSQEELVARLEKLTRKLTS 
2_Clavispora_lusitaniae_ATCC_4      -----------ALAIDNFNGIFSSVFSEND-KKQDEFLKKIEKMQREFVT 
1_Candida_albicans_SC5314           ----DIQEVISNLPNDKILGLSNILSTENS-KNQGELLIKIEKLHNKYYK 
2_Candida_dubliniensis_CD36         ----DIQEVISNLPNDKILGLSNILTTENS-KNQGELLIKIEKLHNKYYK 
2_Candida_tropicalis_MYA-3404       ----DIQEVISNLPNDKMLGLSNLLSTENT-KNQGELLAKIEKLHAKFFE 
2_Lodderomyces_elongisporus_NR      ----DIHDVIKSLPNDKILGLSNFLSSENS-KNQDELLKQIEKMNSKHFS 
1_Lachancea_thermotolerans          -----VQAILQGLPKDIAPGA--DAASAQ--KQDVNMVELFEKLSQDLLA 
1_Kluyveromyces_lactis_NRRL_Y-      -----LQTLLQNLPKEINMGS--SEQSDR--K----IMEKFEKLSQDMLK 
1_Ashbya_gossypii_ATCC_10895        -----LQTVLQSLPTELRSTL--DLSRTK--EDE--MMGHFEQFMEEVVR 
1_Zygosaccharomyces_rouxii          -----LQKLLQNLPKEISQSINLAASHQ---KSDADLIQSFENLANELKK 
1_Vanderwaltozyma_polyspora_DS      -----LQKILQNLPKEISQNVLQAASTQQ--KNDVDVIAKFEELFGEIKK 
2_Saccharomyces_cerevisiae_S28      -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
4_Saccharomyces_cerevisiae_AWR      -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
3_Saccharomyces_cerevisiae_EC1      -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
5_Saccharomyces_cerevisiae_Lal      -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
6_Saccharomyces_cerevisiae_YJM      -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
Saccharomyces_cerevisiae            -----LQKILQNLPKEISQSINSANNIQ---SSDSDLVQHFESLAQEIRH 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          -----IQKILQNLPKEITQSINVANSNQ---KADADVMAKFAKLAEDIKL 
3_Vanderwaltozyma_polyspora_DS      -----IENIIENLNKEINSNIDSVSRFKSRGKSDDKVLSRLEELISDVLT 
1_Meyerozyma_guilliermondii_AT      -------------------------------ATEFHSNTAKKLREHERHT 
1_Debaryomyces_hansenii_CBS767      -------------------------------KTEFHTNTLDSIKELEHHT 
1_Scheffersomyces_stipitis_CBS      -------------------------------RTESSSSKLQLKRELEIHS 
1_Clavispora_lusitaniae_ATCC_4      -------------------------------KTELSTNKLKLARELEKNS 
2_Candida_albicans_SC5314           -------------------------------KTEYNSPKLQLAKELELNS 
1_Candida_dubliniensis_CD36         -------------------------------KTEYNSPKLQLAKELELNS 
1_Candida_tropicalis_MYA-3404       -------------------------------RTSINISKLQFERELESNP 
1_Lodderomyces_elongisporus_NR      -------------------------------KTDYNLPKFQLLRELESHT 
Pichia_minuta_var._minuta           -------------------------------STKQESIPGLTMKESELEV 
2_Pichia_angusta                    -------------------------------PGTRDLAQVDAKIEAELNS 
1_Pichia_pastoris_GS115             -------------------------------GPSQQLSSPKIDYDPLTLR 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------------------HHFYNSIG--TVLPSTARV 
2_Ashbya_gossypii_ATCC_10895        -------------------------------RVFWRQAEGPLEVPSSYHV 
1_Saccharomyces_cerevisiae_S28      -------------------------------SQFYPSKDDFKQTLLPTTS 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      -------------------------------QQFDKKD-------LPLPT 
2_Zygosaccharomyces_rouxii          -------------------------------KFITAPEISN----VALPT 
2_Candida_glabrata_CBS_138          -------------------------------GQFRAKYPKN-----YLVS 
2_Lachancea_thermotolerans          -------------------------------KQFFRGFKTLIP----TAT 
1_Coccidioides_posadasii_str._      -----------------------------------GSTRQPEGSNAGPED 
Coccidioides_immitis_RS             -----------------------------------GSTRQPEESNAGPED 
Uncinocarpus_reesii_1704            -----------------------------------NAHQQPKPSDLLEKE 
Arthroderma_benhamiae_CBS_1123      -------------------------------AEQGTHRQRSEPQNARLTT 
Trichophyton_verrucosum_HKI_05      -------------------------------AEPGTHRQRSEPQNARLTT 
Arthroderma_gypseum_CBS_118893      -------------------------------TGFGTHRQRSEPLGTQITA 
Arthroderma_otae_CBS_113480         -------------------------------VEVETHHQRSEQ---PLRT 
1_Aspergillus_fumigatus_A1163       -------------------------------PAVLNTETTAHDT-SQAAD 
2_Aspergillus_fumigatus_Af293       -------------------------------PAVLNTETTAHDT-SQAAD 
Neosartorya_fischeri_NRRL_181       -------------------------------PAVLNTETTTHDS-SQAAD 
Aspergillus_clavatus_NRRL_1         -------------------------------SIVPKPDEAVFDVNQAVSN 
Aspergillus_oryzae_RIB40            -------------------------------PAPAHLPDEVAYNTNEVTE 
Aspergillus_flavus_NRRL3357         -------------------------------PAPAHLPDEVAYNTNEVTE 
Aspergillus_terreus_NIH2624         -------------------------------EPSLYTPEENVQDGADGTE 
Aspergillus_niger_CBS_513.88        -------------------------------PDTSSAGHLYNQDYDGHAD 
Aspergillus_nidulans_FGSC_A4        -------------------------------AASPEDIAYEISQETKGKT 
Penicillium_chrysogenum_Wiscon      -------------------------------GAPGYRPVKKISQEEDEVT 
1_Ajellomyces_capsulatus_H88        -------------------------------CHPHPLPIRKAAQKSVAAS 
3_Ajellomyces_capsulatus_H143       -------------------------------CHPHPLPIRKAAQKSVAAS 
2_Ajellomyces_capsulatus_G186A      -------------------------------CHPQPLPIRKAAQKSVAAS 
1_Ajellomyces_dermatitidis_SLH      -------------------------------AISTVTRAELHSTPPYPDP 
1_Paracoccidioides_brasiliensi      -------------------------------SHTSSKPIPNQKQIQQEKS 
2_Paracoccidioides_brasiliensi      -------------------------------SHTSSKPIPNQKQIQQEKS 
3_Paracoccidioides_brasiliensi      -------------------------------SHTSSKPIPNRKQNQQEKS 
Penicillium_marneffei_ATCC_182      -------------------------------P--------LLIPPQARGR 
Talaromyces_stipitatus_ATCC_10      -------------------------------DGFSQGQKPLRIPPQARGR 
Pyrenophora_tritici-repentis_P      -------------------------------FRNAKDMPRPTAWVNPADR 
Pyrenophora_teres_f._teres_0-1      -------------------------------FRNAKDMPRPTAWVNPADR 
Leptosphaeria_maculans              -------------------------------FRNANDLPRPSAWVNPAIK 
Phaeosphaeria_nodorum_SN15          -------------------------------FRNANEMPRPTAWKPEFEK 
Tuber_melanosporum_Mel28            -------------------------------EPTPGHQTSEGKGVGQVSN 
Sclerotinia_sclerotiorum_1980       -------------------------------ILL--QDKSIPKSEEKDGV 
Botryotinia_fuckeliana_B05.10       -------------------------------ILL--QDTGAPKSGEKNEA 
bgh02742                            -------------------------------SES--RNTEADPNDSINIT 
1_Glomerella_graminicola_M1.00      -------------------------------KPVVAAS--------NHDT 
Magnaporthe_oryzae_70-15            -------------------------------LAKGAQDGTTEKVAANSAK 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -------------------------------ALQFSSSASLASKTAAEAE 
Neurospora_crassa_OR74A             -------------------------------TPAVPKTDADVETAKHAST 
Sordaria_macrospora                 -------------------------------TPAIPKADADVEAAKHAST 
Chaetomium_globosum_CBS_148.51      -------------------------------AVEYPKTQSDAGSHPKENS 
Podospora_anserina_S_mat+           -------------------------------AVEYPKVQPGAEAARQKSQ 
Gibberella_zeae_PH-1                -------------------------------AAQNAAAAADTSKNDAPAS 
1_Nectria_haematococca_mpVI_77      -------------------------------AAKDAVAADTGTKAAAPAS 
Metarhizium_anisopliae_ARSEF_2      -------------------------------GSAIRTHAASPNNAHVDST 
Metarhizium_acridum_CQMa_102        -------------------------------SDTARAHAASPNNAHVDST 
Yarrowia_lipolytica                 -------------------------------LLPGDMSAFENKIYKMRAE 
Schizosaccharomyces_pombe_972h      -------------------------------ISMLEDYTPEAANKDYVGQ 
Schizosaccharomyces_japonicus_      -------------------------------PPAEKNYADSIE-RDQLKQ 
2_Glomerella_graminicola_M1.00      -------------------------------LFRNRVPTQLRRCIALYIA 
2_Nectria_haematococca_mpVI_77      -------------------------------KFRNKVPAQMQRCLPLYIG 
3_Pichia_angusta                    ------------------------------LILFKFSTSWSINTEDKIVS 
                                                                                       
 
1_Pichia_angusta                    EQDVRLKKLEQDRQRLEKQLSELR-------------------------- 
2_Pichia_pastoris_GS115             KQDDRISKLEAERADLLEQVRFLR-------------------------- 
2_Scheffersomyces_stipitis_CBS      SQEARLQKLEKQNELLLKEIKSLK-------------------------- 
2_Debaryomyces_hansenii_CBS767      KQDERLIHLEKMNENLVNQIRILK-------------------------- 
3_Meyerozyma_guilliermondii_AT      DQDARLSSLEKQNAELLRQIRLLR-------------------------- 
4_Meyerozyma_guilliermondii_AT      DQDARLLLLEKQNAELLRQIRLLR-------------------------- 
2_Clavispora_lusitaniae_ATCC_4      SQDERLRALERQNEYLIEQVRQLR-------------------------- 
1_Candida_albicans_SC5314           DQEERLKKIEKQNNEILQEIKLLK-------------------------- 
2_Candida_dubliniensis_CD36         DQEERLKKIEKQNNEILQEIHLLK-------------------------- 
2_Candida_tropicalis_MYA-3404       EQNERLVRIEKQNKKLLEEIKLLK-------------------------- 
2_Lodderomyces_elongisporus_NR      EQEQRLLKLEEQNRLILQELKVLK-------------------------- 
1_Lachancea_thermotolerans          KQEDQIKKFEKERKILEKKIQDLK-------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      KQDDQARRFDRERKVLEKKIQALK-------------------------- 
1_Ashbya_gossypii_ATCC_10895        KQEDQIRRLDRERKALEKKLQELK-------------------------- 
1_Zygosaccharomyces_rouxii          KQEDQAREFERHRQELEKKLQELK-------------------------- 
1_Vanderwaltozyma_polyspora_DS      NQEEQARQLERQRRVLERKIQKLK-------------------------- 
2_Saccharomyces_cerevisiae_S28      QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
4_Saccharomyces_cerevisiae_AWR      QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
3_Saccharomyces_cerevisiae_EC1      QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
5_Saccharomyces_cerevisiae_Lal      QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
6_Saccharomyces_cerevisiae_YJM      QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
Saccharomyces_cerevisiae            QQEVQAKQFDKQRKILEKKIQDLK-------------------------- 
7_Saccharomyces_cerevisiae_Vin      -------------------------------------------------- 
1_Candida_glabrata_CBS_138          KQEEQSKQFERQRKVLERKLRNMK-------------------------- 
3_Vanderwaltozyma_polyspora_DS      EQTRQADELVKQRKLLEKKVAELK-------------------------- 
1_Meyerozyma_guilliermondii_AT      NWKLYGFQFSPNNRAQLPKIT----------------------------- 
1_Debaryomyces_hansenii_CBS767      NWLKYGFKFHSNARANLPEHA----------------------------- 
1_Scheffersomyces_stipitis_CBS      NWAKTGLNFQPNKKARLPIET----------------------------- 
1_Clavispora_lusitaniae_ATCC_4      NWKKTGLNFHTNKAANLPALS----------------------------- 
2_Candida_albicans_SC5314           NWKELGLNFQPNKKYSLPDES----------------------------- 
1_Candida_dubliniensis_CD36         NWKELGLNFQPNKKYSLPDES----------------------------- 
1_Candida_tropicalis_MYA-3404       NWKQEGLNFKPTQKLQIDESS----------------------------- 
1_Lodderomyces_elongisporus_NR      DWRTRGLNFQPKYTSPASLES----------------------------- 
Pichia_minuta_var._minuta           NFKTFGMDLQ-KRNELPAASA----------------------------- 
2_Pichia_angusta                    NLHTFGAHLR-HLNRLPAESA----------------------------- 
1_Pichia_pastoris_GS115             SLDLKTLEAP-SQLSPGTVED----------------------------- 
2_Kluyveromyces_lactis_NRRL_Y-      DHLNLKNLDLAGTSNNGDHLM----------------------------- 
2_Ashbya_gossypii_ATCC_10895        GELNMREFRGAWERR----------------------------------- 
1_Saccharomyces_cerevisiae_S28      HSQDINLKKQITVNKKKNQLH----------------------------- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      TSHSDSINLKKTDVNNSNDID----------------------------- 
2_Zygosaccharomyces_rouxii          TSHVEQLNLKELRVKDR-KLK----------------------------- 
2_Candida_glabrata_CBS_138          NGDTSGLNLKQLKFNSN--------------------------------- 
2_Lachancea_thermotolerans          EGQTINLKTFKPANMKGAPIA----------------------------- 
1_Coccidioides_posadasii_str._      KLSSVDGSLQFQPQQIPLEDLAR--------------------------- 
Coccidioides_immitis_RS             KLSSADGSLQFQPQQIPLEDLAR--------------------------- 
Uncinocarpus_reesii_1704            -PSGLDKSRERQLFQIPLEDLAQ--------------------------- 
Arthroderma_benhamiae_CBS_1123      KLGSKADSPSEQEPEQVSEPEPE--------------------------- 
Trichophyton_verrucosum_HKI_05      KLGSKADSTSEQEPEQVSEPEPE--------------------------- 
Arthroderma_gypseum_CBS_118893      KLGSKVDSTPEQEPEQEAEPEPEPE------------------------- 
Arthroderma_otae_CBS_113480         SVTAKLESEPEPEPKVESDPEPE--------------------------- 
1_Aspergillus_fumigatus_A1163       EHLTDQKQDIQ--QQPLKPPPTAP-------------------------- 
2_Aspergillus_fumigatus_Af293       EHLTDQKHDIQ--QQPLKPPPTAP-------------------------- 
Neosartorya_fischeri_NRRL_181       EHLTNQKQDIQ--QQPLKPPPTAP-------------------------- 
Aspergillus_clavatus_NRRL_1         EHSTEQKKEAQ--QAPLKPPPTAP-------------------------- 
Aspergillus_oryzae_RIB40            EHLSGQKKEAIPQQQPLKPSPSAP-------------------------- 
Aspergillus_flavus_NRRL3357         EHLSGQKKEAIPQQQPLKPSPSAP-------------------------- 
Aspergillus_terreus_NIH2624         ERSPGQKKDAV--QQPLQPSPSAP-------------------------- 
Aspergillus_niger_CBS_513.88        NERKGGTRDTVQ-QLPLTPPPSAP-------------------------- 
Aspergillus_nidulans_FGSC_A4        SSESSDSTQQQPLKQPP-PPATAP-------------------------- 
Penicillium_chrysogenum_Wiscon      SNLARKTPPQGRAQLPLGASPTAP-------------------------- 
1_Ajellomyces_capsulatus_H88        SESPPSTHNESLPPTSAAAS------------------------------ 
3_Ajellomyces_capsulatus_H143       SESPPSTHNESLPPTSAASS------------------------------ 
2_Ajellomyces_capsulatus_G186A      SESPPSTHNESLPPTSAPAS------------------------------ 
1_Ajellomyces_dermatitidis_SLH      AQTPTATNQQAAHTQSGSSGSGISK------------------------- 
1_Paracoccidioides_brasiliensi      PSSAELNQPPTPPLHS---------------------------------- 
2_Paracoccidioides_brasiliensi      PSSAELNQPPTPPLHS---------------------------------- 
3_Paracoccidioides_brasiliensi      PSSAELNQPPKSLPHS---------------------------------- 
Penicillium_marneffei_ATCC_182      AGTFESQLTIGDTTYP---------------------------------- 
Talaromyces_stipitatus_ATCC_10      AGTGQSQLPVGETAYP---------------------------------- 
Pyrenophora_tritici-repentis_P      ESARKKAAKVQEELKKAKAAQAIKASE--------------KSDKSFNTP 
Pyrenophora_teres_f._teres_0-1      ESARKKAAKVQEELKKAKAAKAAKAAE--------------KSDKSFNTP 
Leptosphaeria_maculans              ESEREAAAKAENNEK--------------------------KTNAAFNLP 
Phaeosphaeria_nodorum_SN15          QEEAQKAAKET---------------A--------------KAEKAFNTP 
Tuber_melanosporum_Mel28            ------------------------------------------GRKPSRPH 
Sclerotinia_sclerotiorum_1980       DSKTKPGSSASTNAVPPAPRKR---------------------------- 
Botryotinia_fuckeliana_B05.10       DLKTKPGSSASTNAVPSTPKKN---------------------------- 
bgh02742                            ALPTPITTDGNK-------------------------------------- 
1_Glomerella_graminicola_M1.00      AGSKKLSSTPASTDEIKPSAP----------------------------- 
Magnaporthe_oryzae_70-15            IISNTASSASTSSQDGKSNSR----------------------------- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         AAPSVVAAGESSPSDEQQPSA----------------------------- 
Neurospora_crassa_OR74A             TAVTDKSSSGANAAQQN--------------------------------- 
Sordaria_macrospora                 TAVTDKSPSGHNSAQQN--------------------------------- 
Chaetomium_globosum_CBS_148.51      QTTKTPPSDEIPHAGVNRPRP----------------------------- 
Podospora_anserina_S_mat+           TTASSRQKAADDQVVQNGGHQG---------------------------- 
Gibberella_zeae_PH-1                NEAVPPPPEKKEPEMEVKERR----------------------------- 
1_Nectria_haematococca_mpVI_77      NPDPVQPPPEKPKEMEVKERR----------------------------- 
Metarhizium_anisopliae_ARSEF_2      RAVP---------------------------------------------- 
Metarhizium_acridum_CQMa_102        RAVP---------------------------------------------- 
Yarrowia_lipolytica                 TEKALKEQEAAAAKRFDSFNKKLSELE--------------TEN------ 
Schizosaccharomyces_pombe_972h      QEEEELLYDQPSYIEEEEDPDLEAYLSDLEREELEHSLEELDEENNYKLH 
Schizosaccharomyces_japonicus_      SRVVQATATSTSETSASATP-TASYFTPEKNNGPDETDDAAVDENDTEGG 
2_Glomerella_graminicola_M1.00      CICIILLVANLDLFGSVPKPVHLS-------------------------- 
2_Nectria_haematococca_mpVI_77      CVCLLLIILNFDVFYAIPSPLDLI-------------------------- 
3_Pichia_angusta                    EYLNNFYKLNPKFRGANPYDAAVT-------------------------- 
                                                                                       
 
1_Pichia_angusta                    -------------RPNPEATLRERLAYMFPYDQNRKFPAY-IWQSWKYG- 
2_Pichia_pastoris_GS115             -------------NPPAGSSLREKLAYLFPYNENGKFPAY-IWQTWKYG- 
2_Scheffersomyces_stipitis_CBS      -------------QPSNYASLRERLLFVYPYDSSVRFPAY-IWQSWKHG- 
2_Debaryomyces_hansenii_CBS767      -------------NQNPNLSLRDKLIYLYPYESDARFPAY-IWQTWKHG- 
3_Meyerozyma_guilliermondii_AT      -------------SPPPSATIREKLAHLYPYDPSVRFPAY-IWQTWKHG- 
4_Meyerozyma_guilliermondii_AT      -------------SPPPSATIREKLAHLYPYDPSVRFPAY-IWQTWKHG- 
2_Clavispora_lusitaniae_ATCC_4      -------------IPSQSMSLREKLMFMVPYDTKAKFPGY-IWQSWKHG- 
1_Candida_albicans_SC5314           -------------SPPQHASIREKLTFVYPYDADVRFPAY-IWQTWKHG- 
2_Candida_dubliniensis_CD36         -------------SPPSYASIRDKLTFVYPYDAEVRFPAY-IWQTWKHG- 
2_Candida_tropicalis_MYA-3404       -------------APPATASIRDKLTFLYPYDADARFPAY-VWQTWKHG- 
2_Lodderomyces_elongisporus_NR      -------------RPPLDSTMREKLAYLYSYDPEARFPAY-IWQTWKHG- 
1_Lachancea_thermotolerans          -------------QPATHATLREKLAHMFEYGTSKKFPAF-IWQTWPYS- 
1_Kluyveromyces_lactis_NRRL_Y-      -------------QPARHATLREKLAVVFEYGTTQRFPAF-VWQSWPYS- 
1_Ashbya_gossypii_ATCC_10895        -------------RPASHSTLREQLAAVHEYGTTKKFPAY-VWQTWMYS- 
1_Zygosaccharomyces_rouxii          -------------LSPEHATLREKLAYNFRYDERKRFPAY-IWQIG---- 
1_Vanderwaltozyma_polyspora_DS      -------------QGSQGDTLRERLAYTFEYDASKKFPAF-IWQLSPFDD 
2_Saccharomyces_cerevisiae_S28      -------------QTPPEATLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
4_Saccharomyces_cerevisiae_AWR      -------------QTPPEATLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
3_Saccharomyces_cerevisiae_EC1      -------------QTPPETTLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
5_Saccharomyces_cerevisiae_Lal      -------------QTPPEXTLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
6_Saccharomyces_cerevisiae_YJM      -------------QTSPEATLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
Saccharomyces_cerevisiae            -------------QTPPEATLRERIAMTFPYDSHVKFPAF-IWQTWS--- 
7_Saccharomyces_cerevisiae_Vin      --------------------------MTFPYDSHVKFPAF-IWQTWS--- 
1_Candida_glabrata_CBS_138          -------------QISTDATLREKLAYNFEYDGKSRFPAF-LWQTWS--- 
3_Vanderwaltozyma_polyspora_DS      -------------QMPESGSLREKLAYTFEYNTARKFPAY-IWQTHVKP- 
1_Meyerozyma_guilliermondii_AT      -------------------TVRQQLAFQFPYEPEKPFERN-IWQTWKVD- 
1_Debaryomyces_hansenii_CBS767      -------------------TLRQQLSFQFPYEPAKPFQKN-IWQTWKVP- 
1_Scheffersomyces_stipitis_CBS      -------------------TVRQQLSFQFPYESSKPFQKN-IWQTWKVA- 
1_Clavispora_lusitaniae_ATCC_4      -------------------TLRQQLSFQFPYEPSKGFQKN-IWQTWKVG- 
2_Candida_albicans_SC5314           -------------------TLRQQLSYQFPYDESKPFPKN-IWQTWKVG- 
1_Candida_dubliniensis_CD36         -------------------TLRQQLSYQFPYDETKSFPKN-IWQTWKVG- 
1_Candida_tropicalis_MYA-3404       -------------------IIRQQLSKRFPYDLNSPFPKK-IWQTWKVG- 
1_Lodderomyces_elongisporus_NR      -------------------QVQQQLALAYPYDRESAFPKL-IWQTWKIG- 
Pichia_minuta_var._minuta           -------------------TLREKLSFYFPYDPEKPVPNQ-IWQTWKVD- 
2_Pichia_angusta                    -------------------TLREKLTFYFPYYPEKPVPNQ-IWQTWKVD- 
1_Pichia_pastoris_GS115             -------------------NLRRQLEFHFPYRSYEPFPQH-IWQTWKVS- 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------DLRVQLASQFPYDSRVPIPKK-VWQTWKID- 
2_Ashbya_gossypii_ATCC_10895        -------------------DLRSQLAAQFPYDTAGPIPRR-VWQTWKVP- 
1_Saccharomyces_cerevisiae_S28      -------------------NLRDQLSFAFPYDSQAPIPQR-VWQTWKVG- 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      -------------------DLRKLLSFAFPYYPKKPIPRR-IWQTWKVD- 
2_Zygosaccharomyces_rouxii          -------------------DLREQLVMAFPYEPEKPIPRR-IWQTWKVK- 
2_Candida_glabrata_CBS_138          -------------------DLRSDLSKAFPYDPSKPIPRR-VWQTWKVP- 
2_Lachancea_thermotolerans          -------------------ELRSQLTQQFPYDPSQPIPRR-IWQTWKTP- 
1_Coccidioides_posadasii_str._      ------------------KPLRERLRYQFPYDIQSKFPAY-IWQTWKYT- 
Coccidioides_immitis_RS             ------------------KPVRERLRYQFPYDIQSKFPAY-IWQTWKYT- 
Uncinocarpus_reesii_1704            ------------------KPLRERLRYQFPYDLQSKFPAY-IWQTWKYA- 
Arthroderma_benhamiae_CBS_1123      -----------KEPEPEPTTLRGRLKYHFPYGVKAKFPGY-IWQTWKYT- 
Trichophyton_verrucosum_HKI_05      -----------KEPEPEPTTLRGRLKYHFPYGVKAKFPGY-IWQTWKYT- 
Arthroderma_gypseum_CBS_118893      -PK--------KEPEPEPTTLRGRLKYHFPYGVKAKFPGY-IWQTWKYT- 
Arthroderma_otae_CBS_113480         -------------PEPEPKTLRGRLKYHFPYGVTAKFPGY-IWQTWKYT- 
1_Aspergillus_fumigatus_A1163       --------------------LRERLRYQFPYDLENRFPAY-IWQTWKYT- 
2_Aspergillus_fumigatus_Af293       --------------------LRERLRYQFPYDLENRFPAY-IWQTWKYT- 
Neosartorya_fischeri_NRRL_181       --------------------LRERLRYQFLYDLESRFPAY-IWQTWKYT- 
Aspergillus_clavatus_NRRL_1         --------------------LRDRLRYQFPYDLENKFPAY-IWQTWKYT- 
Aspergillus_oryzae_RIB40            --------------------LRERLRYHFPYDLDKKFPAY-IWQTWKYT- 
Aspergillus_flavus_NRRL3357         --------------------LRERLRYHFPYDLDKKFPAY-IWQTWKYT- 
Aspergillus_terreus_NIH2624         --------------------LRERLRYHFPYDLNNKFPAY-IWQTWKYT- 
Aspergillus_niger_CBS_513.88        --------------------LRDRLRYHFPYDLEAKFPAF-IWQTWKYA- 
Aspergillus_nidulans_FGSC_A4        --------------------LRERLRYHFPYNLEAKFPAY-IWQTWKYT- 
Penicillium_chrysogenum_Wiscon      --------------------LRERLRYQFPYGIENKFPAY-IWQTWKYD- 
1_Ajellomyces_capsulatus_H88        ----------LSPEDLARKPLRERLRYQFPYDVHAKFPAY-IWQTWKYT- 
3_Ajellomyces_capsulatus_H143       ----------LSPEDLARKPLRERLRYQFPYDVHAKFPAY-IWQTWKYT- 
2_Ajellomyces_capsulatus_G186A      ----------LSPEDLARKPLRERLRYQFPYDVHAKFPAY-IWQTWKYT- 
1_Ajellomyces_dermatitidis_SLH      -PAVHQPHNPPPPDNLARKPLRERLRYQFPYDVQSKFPAY-IWQTWKYT- 
1_Paracoccidioides_brasiliensi      -------------TDPASKPLRDRLRYQFPYDLPSKFPAY-IWQTWKNT- 
2_Paracoccidioides_brasiliensi      -------------TDPASKPLRDRLRYQFPYDLPSKFPAY-IWQTWKNT- 
3_Paracoccidioides_brasiliensi      -------------PDLARKTLRDRLRYQFPYDLPSKFPAY-IWQTWKNT- 
Penicillium_marneffei_ATCC_182      -------------------TLLEKLRHQYPYDLDSKFPAH-IWQTWKYS- 
Talaromyces_stipitatus_ATCC_10      -------------------TLLEKLRYQYPYDLDSKFPAY-IWQTWKDS- 
Pyrenophora_tritici-repentis_P      DSPAKPPKTQIAMDVLRKKPLKEQLEYQFPYDVDTKTPAY-IWQTWKTT- 
Pyrenophora_teres_f._teres_0-1      DAPAKPPKTQISMDELRKKPLKEQLEYQFPYDVDTKTPAY-IWQTWKSS- 
Leptosphaeria_maculans              DTLPKKPKAQIPMDQLRKRPLKEQLEYQFPYDVDSKTPAY-IWQTWKYT- 
Phaeosphaeria_nodorum_SN15          EPPPKKPKTQISMDVLTQKPLREQLEYQFPYDVDSKTPAY-IWQTWKYT- 
Tuber_melanosporum_Mel28            IPKEAKQQQQLSLAEIRNLPLTEQLAYQFPYQVSSKFPAY-IWQTWKFT- 
Sclerotinia_sclerotiorum_1980       -----PQASQALLQDLSRAPLREKLAYQFPYDVETKFPAY-IWQTWKYT- 
Botryotinia_fuckeliana_B05.10       -----TQVSQTLLQDLSRAPLREKLAYQFPSDVETKFPAY-IWQTWKYT- 
bgh02742                            -----AAGSQKLLIDMSQAPLREKLAYQFPYDVEASFPAY-IWQTWKFT- 
1_Glomerella_graminicola_M1.00      -----KAAAQKPMMDMSKMSLYDKLAYQYPYDPETRFPAY-IWQTWKWT- 
Magnaporthe_oryzae_70-15            -----LAPEGQKPIMDPNMSLYDKLGYQYPYDVETKFPAY-IWQTWKWT- 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         -----GGQKPLQQIDLSRLSLYDKLAYQYPYDVDGKFPAY-IWQTWKWT- 
Neurospora_crassa_OR74A             ------PQGQRPIQDMSRMTLYEKLAYQFPYDVESKFPAY-IWQTWKWT- 
Sordaria_macrospora                 ------PQGQRPIQDMSRMTLYEKLAYQFPYDVESKFPAY-IWQTWKWT- 
Chaetomium_globosum_CBS_148.51      -----VPEGQQPIQDMSKMTLYDKLAYQFPYDVESKFPAY-IWQTWKWT- 
Podospora_anserina_S_mat+           -----GPPKQKPMKDMSRMTLYEKLAYQFPYDVETKFPAY-IWQTWKWT- 
Gibberella_zeae_PH-1                ---------TRPRIDMSGMTTYEKLEYAYPYDVTSKFPAY-IWQTWKQS- 
1_Nectria_haematococca_mpVI_77      ---------TRPRIDMSGMSTYEKLAYAYPYDVETKFPAY-IWQTWKQS- 
Metarhizium_anisopliae_ARSEF_2      ---------QKPLIDMSRMSTYDKLAYAYPYDIETKFPNY-IWQTWKTT- 
Metarhizium_acridum_CQMa_102        ---------QKPMIDMSRMSTYDKLAYAYPYDIETKFPNY-IWQTWKTT- 
Yarrowia_lipolytica                 --RVLEKEIQRLRTPPQGASLREKLAYTFPYETYKKFPAF-IWQTWK-D- 
Schizosaccharomyces_pombe_972h      LRYSFSQLQDFDEENEAVHMIVPKDTYEFEVPYHADIPKL-IWQTSK--- 
Schizosaccharomyces_japonicus_      YKYDETSPEMFNYVKDDVIAELRQMLPSLKKNKQAIIPKT-IWQTLK--- 
2_Glomerella_graminicola_M1.00      ---------------------KRRNRHSSISNR-AAFPKK-IWQSWKVAP 
2_Nectria_haematococca_mpVI_77      ---------------------WREGDHPTPPSRGSSFPQK-IWQTWKLDP 
3_Pichia_angusta                    ---------------------AERLAKFFPYDNSARRIEKSIWQMWKVP- 
                                                                                       
 
1_Pichia_angusta                    ----------LNDANFGPRYKEGEEQWALKNPGFVHELFN---------- 
2_Pichia_pastoris_GS115             ----------LNDDRFGEKFKEGETQWASKNPGFVHELFN---------- 
2_Scheffersomyces_stipitis_CBS      ----------LNDERFNEKYREGESQWAWKNPGFVHELFN---------- 
2_Debaryomyces_hansenii_CBS767      ----------LHDENFGKKYKEGEQQWAYKNPGFVHEIFN---------- 
3_Meyerozyma_guilliermondii_AT      ----------LNDERFDEKYREGETQWAMKNPGFVHELFN---------- 
4_Meyerozyma_guilliermondii_AT      ----------LNDERFDEKYREGETQWAMKNPGFVHELFN---------- 
2_Clavispora_lusitaniae_ATCC_4      ----------LNDERFDSTFKEGQAQWAVRNPGFVHELFN---------- 
1_Candida_albicans_SC5314           ----------LNDEKFDEKYREGERQWAYKNPGFVHELFN---------- 
2_Candida_dubliniensis_CD36         ----------LNDEKFDEKYREGERQWAYKNPGFVHELFN---------- 
2_Candida_tropicalis_MYA-3404       ----------LNDERFDERYKEGERQWAYKNPGFVHELFN---------- 
2_Lodderomyces_elongisporus_NR      ----------LNDDRFDEKYRQGESQWAYKNPGFVHELFN---------- 
1_Lachancea_thermotolerans          ----------DLDDRMDPTLQSFERRWGDKNPGFVHEIIN---------- 
1_Kluyveromyces_lactis_NRRL_Y-      ----------DDDDRLDPTLKKYERNWANKNPGFVHEIVN---------- 
1_Ashbya_gossypii_ATCC_10895        ----------GADDRMDNRLRDYEQKWGKKNPGFVHEIVN---------- 
1_Zygosaccharomyces_rouxii          ---------GVSGTEELKNLEEQERNWRDKNPGFVHEIVT---------- 
1_Vanderwaltozyma_polyspora_DS      PREDRQKINGDSNEDTISLVKNSVRLWDDKNPGFVHEKLD---------- 
2_Saccharomyces_cerevisiae_S28      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
4_Saccharomyces_cerevisiae_AWR      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
3_Saccharomyces_cerevisiae_EC1      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
5_Saccharomyces_cerevisiae_Lal      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
6_Saccharomyces_cerevisiae_YJM      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
Saccharomyces_cerevisiae            ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
7_Saccharomyces_cerevisiae_Vin      ------------NDEGPERVQDIKGMWESKNPGFAHEVLN---------- 
1_Candida_glabrata_CBS_138          ------------GSQTPEEVLHVKATWQEKNPGFVHEILT---------- 
3_Vanderwaltozyma_polyspora_DS      ---------NSKSAPKQRANKANRGNWENKNPSFVHELFED--------- 
1_Meyerozyma_guilliermondii_AT      ----------LESENFPSKYRKFQQTWSDVNPTYKYH------------V 
1_Debaryomyces_hansenii_CBS767      ----------IEHPNFPKKYKKYQATWDDKNPGYKHY------------V 
1_Scheffersomyces_stipitis_CBS      ----------LDDDSFPLKYRTYQSTWDDKNPGYKHY------------V 
1_Clavispora_lusitaniae_ATCC_4      ----------LNDETFPTTYRGYQETWEALNSGYKHY------------V 
2_Candida_albicans_SC5314           ----------IDEKSFPKRYLKYQQTWEDKNPDYKHY------------V 
1_Candida_dubliniensis_CD36         ----------IDDKSFPKRYLKYQQTWADKNPDYKHY------------V 
1_Candida_tropicalis_MYA-3404       ----------LNDETFPSRYFKFQKSWDKKNPDYKHY------------I 
1_Lodderomyces_elongisporus_NR      ----------LDDPSFPKRYVNYQETWNDKNPEYKHY------------V 
Pichia_minuta_var._minuta           ----------INDKSFPRHFRKFQETWPQLNSGYTYH------------L 
2_Pichia_angusta                    ----------LEDDNFPKQYRRFQKTWVEKNPDYVYH------------L 
1_Pichia_pastoris_GS115             ----------PSDSSFPKNFKDLGESWLQRSPNYDHF------------V 
2_Kluyveromyces_lactis_NRRL_Y-      ----------PSSKSQVSSISKCQNDWKHFSASEEPP--------YQYQL 
2_Ashbya_gossypii_ATCC_10895        ----------RHS-AQFPEHFRSLSDAWENSAKDAEG--------YEYFL 
1_Saccharomyces_cerevisiae_S28      ----------ADDKNFPSSFRTYQKTWSGSY-SPDYQ----------YSL 
8_Saccharomyces_cerevisiae_Fos      -------------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      ----------TSSEKFPSDFRTYQKEWT----SKSYD----------YSL 
2_Zygosaccharomyces_rouxii          ----------EDSLDFPASFRSYQRDWTEAATLQGFE----------YML 
2_Candida_glabrata_CBS_138          ----------IDSPEFPGDLKPYVSRWESNSYEVDEDEIYSQENEQNYYL 
2_Lachancea_thermotolerans          ----------FNSPKMSQGFKDFSGRWASAASEAPLYD---------YTL 
1_Coccidioides_posadasii_str._      ----------PASGKFKEELRPFEASWTEHHPGFVHQ------------V 
Coccidioides_immitis_RS             ----------PASGKFKEELRPFEASWTEHHPGFVHQ------------V 
Uncinocarpus_reesii_1704            ----------PSSGHFGEELRPFEASWTEAHPGFVHQ------------V 
Arthroderma_benhamiae_CBS_1123      ----------PADGEFDPMLRPLEASWTELHPGFVHQ------------V 
Trichophyton_verrucosum_HKI_05      ----------PADGEFDPMLRPLEASWTELHPGFVHQ------------V 
Arthroderma_gypseum_CBS_118893      ----------PAQGEFDPMLRPLEASWTELHPGFVHQ------------V 
Arthroderma_otae_CBS_113480         ----------PASGDFDPTLRPLEASWTELHPGFIHQ------------V 
1_Aspergillus_fumigatus_A1163       ----------PASMWFSEDLRPAEASWTELHPGFVHE------------V 
2_Aspergillus_fumigatus_Af293       ----------PASMWFSEDLRPAEASWTELHPGFVHE------------V 
Neosartorya_fischeri_NRRL_181       ----------PASMWFSEDLRPAEASWTELHPGFVHE------------V 
Aspergillus_clavatus_NRRL_1         ----------PSSVWFGEDLRPAEASWTTLHPGFVHE------------V 
Aspergillus_oryzae_RIB40            ----------PDSVWFGQELRGAEASWTELHPGFVHQ------------V 
Aspergillus_flavus_NRRL3357         ----------PDSVWFGQELRGAEASWTELHPGFVHQ------------V 
Aspergillus_terreus_NIH2624         ----------PASLWFTADLRAAEASWTELHPGFVHE------------V 
Aspergillus_niger_CBS_513.88        ----------PSSMFFSESLRDPESSWSELHPGFVHE------------V 
Aspergillus_nidulans_FGSC_A4        ----------PASVWFSQDLRRPEASWTEMNPSFVHQ------------V 
Penicillium_chrysogenum_Wiscon      ----------PGSFWFDEDLRGLEASWTEMHPGFTHE------------V 
1_Ajellomyces_capsulatus_H88        ----------PASGKFGDKFRPMEASWTELHPSFVHE------------V 
3_Ajellomyces_capsulatus_H143       ----------PASGKFGDKFRPMEASWTELHPSFVHE------------V 
2_Ajellomyces_capsulatus_G186A      ----------PASGKFGDKFRPMEASWTELHPSFVHE------------V 
1_Ajellomyces_dermatitidis_SLH      ----------PASGEFEEKLRPLEASWTEWHPTFVHE------------V 
1_Paracoccidioides_brasiliensi      ----------PASPDFLEHFRASEASWTTTHPSFIHQ------------V 
2_Paracoccidioides_brasiliensi      ----------PASPDFLEHFRASEASWTTAHPSFIHQ------------V 
3_Paracoccidioides_brasiliensi      ----------PASPDFYEHFRTNEASWTIAHPTFIHQ------------V 
Penicillium_marneffei_ATCC_182      ----------VSSSSFPQHFRYLESTWTDTNPEFVHE------------V 
Talaromyces_stipitatus_ATCC_10      ----------VNSNWFPDHLRPLEASWTERNPEFVHE------------V 
Pyrenophora_tritici-repentis_P      ----------PAQGEFDEIFREPEASWSIHHPSFVHE------------V 
Pyrenophora_teres_f._teres_0-1      ----------PAQGDFDEIFREPEASWSIHHPSFVHE------------V 
Leptosphaeria_maculans              ----------PAQGEFEELFREPEASWSTNHPTFVHE------------V 
Phaeosphaeria_nodorum_SN15          ----------PAQGEFSDAFREAEATWTVHHPSFVHE------------V 
Tuber_melanosporum_Mel28            ----------PASPDFEERFRITEASWTEKHPTFVHE------------V 
Sclerotinia_sclerotiorum_1980       ----------PASGDFGENFRPAEASWSEKHPGFVHE------------V 
Botryotinia_fuckeliana_B05.10       ----------PASGHFGEAFRPAEASWSEKHPGFVHE------------V 
bgh02742                            ----------PASGDFDEKFRASEASWSEKHPTFVHE------------V 
1_Glomerella_graminicola_M1.00      ----------PADEEF--NFREQEASWSEQHPGFVHE------------V 
Magnaporthe_oryzae_70-15            ----------PADGEF--AFREQEATWTEQHPGFIHE------------V 
Verticillium_albo-atrum_VaMs.1      -------------------------------------------------- 
Grosmannia_clavigera_kw1407         ----------PASGEF--EFREQEATWTEQHPGFIHE------------V 
Neurospora_crassa_OR74A             ----------PAHGEF--NFRDQEATWTQQHPGFIHE------------V 
Sordaria_macrospora                 ----------PAHSEF--TFRDQEATWTQQHPGFIHE------------V 
Chaetomium_globosum_CBS_148.51      ----------PAHGEF--QFRDQEATWTEQHPGFIHE------------V 
Podospora_anserina_S_mat+           ----------PAHGEF--TFREQEATWTEQHPGFIHE------------V 
Gibberella_zeae_PH-1                ----------PDQGDF--QFKDHHGSWREEHPGFVHE------------V 
1_Nectria_haematococca_mpVI_77      ----------PDQADF--QFKDQHASWTVEHPGFVHE------------V 
Metarhizium_anisopliae_ARSEF_2      ----------PADSNF--AFREQEASWTIQHPTFVHE------------V 
Metarhizium_acridum_CQMa_102        ----------PADGDF--AFREQEASWTLQHPTFVHE------------V 
Yarrowia_lipolytica                 ----------EITDDTPDTIRQPIRTWTEKNPSFVHE------------V 
Schizosaccharomyces_pombe_972h      -------------DPFDREVMKYTRFWRINHPSYSHA------------V 
Schizosaccharomyces_japonicus_      -------------SFDSEGYLGYINLWTKANPGYVHA------------V 
2_Glomerella_graminicola_M1.00      -------------FAFEAEQVLTARTWTDKNPGYRYEVLT---------- 
2_Nectria_haematococca_mpVI_77      -------------LNFEDRDLVTSRTWVAKNPGMRYEVLT---------- 
3_Pichia_angusta                    ------------STDPDFPHKELVNKWKNENPTYKYN------------L 
                                                                                       
 
1_Pichia_angusta                    --DDTSNAIVHYLYM----HMPEVVKAYELLPHIVLKMDFFRYLILFAKG 
2_Pichia_pastoris_GS115             --DDTSGVFIHHLYI----NVPEVIKAYELLPNIILKMDFFRYLVLYAKG 
2_Scheffersomyces_stipitis_CBS      --DDTAHTMIKFLYH----QIPEVLEAYEAMPEVILRMDFFRYLILFAKG 
2_Debaryomyces_hansenii_CBS767      --DDTAHTVVKYLYN----SVPEVVKAYELMPEIILRMDFFRYLILFAKG 
3_Meyerozyma_guilliermondii_AT      --DDTSYAVVRHHFQ----AIPEIIDAYEALPEVILRMDFFRYLILFAKG 
4_Meyerozyma_guilliermondii_AT      --DDTSYAVVRHHFQ----AIPEIIDAYEALPEVILRMDFFRYLILFAKG 
2_Clavispora_lusitaniae_ATCC_4      --DDTAYATVKHLYS----YVPEVVEAYESLPEVILKMDFFRYLILFAKG 
1_Candida_albicans_SC5314           --DDTAHTMIKYLYR----QIPEVINAFEALPEVILRMDFFRYLILFAKG 
2_Candida_dubliniensis_CD36         --DDTAHTMVKYLYR----QIPEVINAFESLPEVILKMDFFRYLILFAKG 
2_Candida_tropicalis_MYA-3404       --DDTAHAMVKHLFK----QVPEVIQAFEKLPEVVLKMDFFRYLILFAKG 
2_Lodderomyces_elongisporus_NR      --DDTAHTMVKYLYN----QIPEIIETYEMLPEIILRMDFFKYLVLYAKG 
1_Lachancea_thermotolerans          --DDTASALIHYMYA----SIPEVIEAYDALPSVYLKADFFKYLILFARG 
1_Kluyveromyces_lactis_NRRL_Y-      --DDTAAAFVHGFYA----TVPEVIEAYDSLPTSILKIDFFKYLILLARG 
1_Ashbya_gossypii_ATCC_10895        --DDTAKALVHYLYA----SIPEVIEAYNVLPSKILRADFFKYLILLARG 
1_Zygosaccharomyces_rouxii          --DEMMNALVRHYFS----SVPDVINAYNALPSKVLKVDFFKYLILLARG 
1_Vanderwaltozyma_polyspora_DS      --DHVMGALVHHFYS----STPEVIKAYEALPSKLLKIDFFKYLILLARG 
2_Saccharomyces_cerevisiae_S28      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
4_Saccharomyces_cerevisiae_AWR      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
3_Saccharomyces_cerevisiae_EC1      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
5_Saccharomyces_cerevisiae_Lal      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
6_Saccharomyces_cerevisiae_YJM      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
Saccharomyces_cerevisiae            --HDVINALVHHYFY----SIPEILETYEALPSIILXIDFFKYLILLVHG 
7_Saccharomyces_cerevisiae_Vin      --HDVINALVHHYFY----SIPEILETYEALPSIILKIDFFKYLILLVHG 
1_Candida_glabrata_CBS_138          --PEMMNALVHHYYS----IVPEVVEAYKLLPDNILRIDFFKYLVLLARG 
3_Vanderwaltozyma_polyspora_DS      --MDVISAMVQYHYS----SIPDVVEAYMSMKSDILKIDFFKYLILLARG 
1_Meyerozyma_guilliermondii_AT      IPDEACEELVNQLFS----VVPDVARAYNIMPKSILKADFFRYLILFARG 
1_Debaryomyces_hansenii_CBS767      IPDESCEQLINQLYA----TVPDVARAYNIMPKSILKADFFRYLILYAKG 
1_Scheffersomyces_stipitis_CBS      VADDVCEELISQLYS----TVPDVARAYNIMPKSILKADFFRYLILYARG 
1_Clavispora_lusitaniae_ATCC_4      IPDDECDTMVKQLFA----SVPDVAQAWSLMPKNILKADFFRYLILYARG 
2_Candida_albicans_SC5314           VPDKQCDLLIEQLYS----QVPDVAKAYRIMPKSILKADFFRYLILFARG 
1_Candida_dubliniensis_CD36         VPDKQCDLLVEQLYS----QVPDVAKAYKIMPKSILKADFFRYLILFARG 
1_Candida_tropicalis_MYA-3404       IPDDECNELIEQLYE----EIPDVSKAYKIMPKSILKADFFRYLILFARG 
1_Lodderomyces_elongisporus_NR      VPDEQCDLLIEELYS----TVPEVAEAYKLLPKSIMKADFFRYLILFARG 
Pichia_minuta_var._minuta           IPDSIVDEFMRSLFA----NVPEVIAAYNMLPKNILKADFFRYLVIFARG 
2_Pichia_angusta                    IPDSVIEDFVASLYA----NVPEVVRAYQLLPKNIMKADFFRYLVIYARG 
1_Pichia_pastoris_GS115             IPDDAAWELIHHEYE----RVPEVLEAFHLLPEPILKADFFRYLILFARG 
2_Kluyveromyces_lactis_NRRL_Y-      ITDDQMIPLLEQLYG----GVPQVIKAFESLPLPILKADFFRYLILYARG 
2_Ashbya_gossypii_ATCC_10895        VGDEDMLPLLRNLYG----GVPQVLQAFESLPLAIMRADFFRYLILYARG 
1_Saccharomyces_cerevisiae_S28      ISDDSIIPFLENLYA----PVPIVIQAFKLMPGNILKADFLRYLLLFARG 
8_Saccharomyces_cerevisiae_Fos      ------------------------------MPGNILKADFLRYLLLFARG 
2_Vanderwaltozyma_polyspora_DS      IPDDKLVPFLENLYA----EVPQVIEAFKAMPMNILKADFFRYLLLFARG 
2_Zygosaccharomyces_rouxii          VPDDNIEAFLQNLYG----ELPLVLKAFKEMPKNILKADFLRYLLLYARG 
2_Candida_glabrata_CBS_138          LPDDQIESILESFYG----EVPIIVQAYKLMPSNILKADFLRYLLLYARG 
2_Lachancea_thermotolerans          VPDDHIMPLLHNLYG----AVPQIIQAFDSMPLNILKADFFRYLVLYARG 
1_Coccidioides_posadasii_str._      ITDDGLIYVVKYLYA----AFPEIIEAFESMPLPVLKADYFRYLILLARG 
Coccidioides_immitis_RS             ITDDGLIYVVKYLYA----AFPEIIEAFESMPLPVLKADYFRYLILLARG 
Uncinocarpus_reesii_1704            VTDAGMIYVIKYLYA----AFPEIIEAFESMPLPVLKADFFRYLILLARG 
Arthroderma_benhamiae_CBS_1123      VDDESAIYFLKYLYS----SFPEIIEAYESMPLPVLKADFFRYLILHARG 
Trichophyton_verrucosum_HKI_05      VDDESAIYFLKYLYS----SFPEIIEAYESMPLPVLKADFFRYLILHARG 
Arthroderma_gypseum_CBS_118893      VDDDSAVYFLKYLYA----SFPEVIEAYDALPLPVLKADFFRYLILHARG 
Arthroderma_otae_CBS_113480         VDDESALYFLKYLYA----SFPEIVEAYNSLPLPVLKADFFRYLILHARG 
1_Aspergillus_fumigatus_A1163       IPDDTQRHLVKYLYG----SVPEVFEAYDSMPLPVLKADFFRYLILLARG 
2_Aspergillus_fumigatus_Af293       IPDDTQRHLVKYLYG----SVPEVFEAYDSMPLPVLKADFFRYLILLARG 
Neosartorya_fischeri_NRRL_181       IPDDTQRHLVKYLYG----SVPEVFEAYDSMPLPVLKADFFRYLILLARG 
Aspergillus_clavatus_NRRL_1         VTDETQRHLIKYLYG----SLPEVFEAYDSMPLPVLKADFFRYLILLARG 
Aspergillus_oryzae_RIB40            VPDDTQGYLIKYLYS----SLPDVFEAYESLPLPVLKADFFRYLILLARG 
Aspergillus_flavus_NRRL3357         VPDDTQGYLIKYLYS----SLPDVFEAYESLPLPVLKADFFRYLILLARG 
Aspergillus_terreus_NIH2624         IPDDTQRHLIKYLFG----SVPEVVEAFDALPLPVLKADFFRYLILLARG 
Aspergillus_niger_CBS_513.88        VPDDTQRHLIKYLYG----AVPDVFEAYDAMPLPVLKADFFRYLILLARG 
Aspergillus_nidulans_FGSC_A4        IPDDTLHHLVKYLYG----SIPEVLEAFNSMPIPVMKADFFRYLILLARG 
Penicillium_chrysogenum_Wiscon      IPDETQQHLIKYLYG----SVPEVFEAYDSLPLAVMKADFFRYLVLLARG 
1_Ajellomyces_capsulatus_H88        ITDDDADPLLRYLYA----PFPEILDAYRSLPLPVLRADFFRYLILLARG 
3_Ajellomyces_capsulatus_H143       ITDDDADPLLRYLYA----PFPEILDAYRSLPLPVLRADFFRYLILLARG 
2_Ajellomyces_capsulatus_G186A      ITDDDADPLLRYLYA----PFPEILDAYRSLPLPVLRADFFRYLILLARG 
1_Ajellomyces_dermatitidis_SLH      ITDEAADPLLRYLYA----AFPEILDAYRSLPLPVLRADFFRYLILLARG 
1_Paracoccidioides_brasiliensi      ITDDDMDPLLRYLYA----PFPEIIETYRSLPLPVLKADFFRYLILLARG 
2_Paracoccidioides_brasiliensi      ITDDDMDPLLRYLYA----PFPEIIETYRSLPLPVLKADFFRYLILLARG 
3_Paracoccidioides_brasiliensi      ITDDDMDPLLRYLYA----PFPEIIETYRSLPLPVLKADFFRYLILLARG 
Penicillium_marneffei_ATCC_182      ISDESAVHLVQYLYG----SMPEVVEAYNSLPAPVLKADLFRYLILLARG 
Talaromyces_stipitatus_ATCC_10      ISDEAADHLVQYLYG----SVPEVVEAYNSLPAPVLKADLFRYLILLARG 
Pyrenophora_tritici-repentis_P      ITDNVAVHLIRHLYA----SIPEVIEAYNALPVPVLKADFFRYLILLARG 
Pyrenophora_teres_f._teres_0-1      IVDDVAVHLIRHLYA----SVPEVIEAYNALPLPVLKADFFRYLILLARG 
Leptosphaeria_maculans              ITDNVAMFLIRHLYA----SVPEVLEAYDALPIPVLKADFFRYLILLARG 
Phaeosphaeria_nodorum_SN15          ITDNVAVHLIRHLYA----SVPQVLEAYNALPLPVLKADFFRYLILLARG 
Tuber_melanosporum_Mel28            ITDLVAKYLIEHLYS----AVPDVLEAYRALPLPILKADFFRYLILLARG 
Sclerotinia_sclerotiorum_1980       ITDSVAVHLLKHLYA----SLPEVLDAYNSLPLPVLKADFFRYLILLARG 
Botryotinia_fuckeliana_B05.10       ITDEVAVHLLKHLYA----SVPEVLEAYNSLPMPVLKADFFRYLILLARG 
bgh02742                            ITDQVAVHLIRHLYA----SVPEILTAYNALPIPVLKADFFRYLILLARG 
1_Glomerella_graminicola_M1.00      ITDKVAVNLLRLFYA----SVPEVLNAYDALPLPVLKADFFRYLILLARG 
Magnaporthe_oryzae_70-15            ITDTVAVHLLRLLYA----SVPEVLEAYDALPMPVLKADFFRYLILLARG 
Verticillium_albo-atrum_VaMs.1      ------MLTPRRALG----RGGLCSHPYNAAALPVLKADFFRYLILLARG 
Grosmannia_clavigera_kw1407         ITDMVAVKLLRLLYS----AIPEVLEAYDALPLPVLKADFFRYLILLARG 
Neurospora_crassa_OR74A             ITDKVAVHLIRLLYA----SVPEVVEAYNALPLPVLKADFFRYLILLARG 
Sordaria_macrospora                 ITDKVAVHLIRLLYT----SVPEVVEAYNALPLPVLKADFFRYLILLARG 
Chaetomium_globosum_CBS_148.51      ITDQVAVHLIRLLYA----SVPEVLEAYEALPLPVLKADFFRYLILLARG 
Podospora_anserina_S_mat+           ITDQVAVHLLRLLYG----SVPEVLEAYEALPLPVLKADFFRYLILLARG 
Gibberella_zeae_PH-1                VTDDVAVNLIRLLYA----TVPEVVEAYRSLPMPVLKADFFRYLILFARG 
1_Nectria_haematococca_mpVI_77      ITDDVAVNLIRLLYA----TVPEVIDAYRSLPLPVLRADFFRYLILYARG 
Metarhizium_anisopliae_ARSEF_2      ITDSVAESLLQLFYA----AVPEVLETYNALPLPVLKADFFRYLILFARG 
Metarhizium_acridum_CQMa_102        ITDSVAESLLQLFYA----AVPEVLETYSALPLPVLKADFFRYLILFARG 
Yarrowia_lipolytica                 LTDDAAAMFVQHLYA----QIPEVVEAYKAMPKNILRADFFRYLVLLARG 
Schizosaccharomyces_pombe_972h      LDDEQSKALVISSFGDS--SVSKISQAYAMMPLPVLKADFFRYLVLLAKG 
Schizosaccharomyces_japonicus_      LTDDDAEEFLREHFGDE--SKSRLMEYFFKLPEPVMKADFFRYLSLLAEG 
2_Glomerella_graminicola_M1.00      --DNNDMEYVEEHYGPDGFDRPDIVDMYRNVNATIIKADLLRYMIMYAEG 
2_Nectria_haematococca_mpVI_77      --DANEMAFVEEHFGPNGLNRPDIVKFYRSINLHIIKADLLRYMVMYAQG 
3_Pichia_angusta                    LTDDEILEILRIRFKD---TVPEVLEAFEMLPNKIIRSDFARYLLIFLNG 
                                                                       :  *  :*: :  .* 
 
1_Pichia_angusta                    GVYADVDTLPLQPIPNWIPENVD--------------------------- 
2_Pichia_pastoris_GS115             GVYADVDTMPLQPVPNWIPENVS--------------------------- 
2_Scheffersomyces_stipitis_CBS      GVYADIDTYPLQPIPNWIPENVS--------------------------- 
2_Debaryomyces_hansenii_CBS767      GVYADIDTYPLQPVPNWIPENVS--------------------------- 
3_Meyerozyma_guilliermondii_AT      GVYADIDTYPLQPIPNWIPENVG--------------------------- 
4_Meyerozyma_guilliermondii_AT      GVYADIDTYPLQPIPNWIPENVG--------------------------- 
2_Clavispora_lusitaniae_ATCC_4      GVYADVDTFPLQPVPNWIPENVS--------------------------- 
1_Candida_albicans_SC5314           GVYADIDTFPIQPIPNWIPENVS--------------------------- 
2_Candida_dubliniensis_CD36         GVYADIDTYPIQPIPNWIPENVS--------------------------- 
2_Candida_tropicalis_MYA-3404       GVYADIDTFPIQPIPNWIPENVS--------------------------- 
2_Lodderomyces_elongisporus_NR      GVYADIDTYPLQPVPNWTPENVS--------------------------- 
1_Lachancea_thermotolerans          GVYADIDTDPLQPVPNWIPENVS--------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      GVWADVDTDLLQPVPNWIPENVS--------------------------- 
1_Ashbya_gossypii_ATCC_10895        GVYADIDTNPHQPVPNWIPENVS--------------------------- 
1_Zygosaccharomyces_rouxii          GVYADIDTDPLQPVPNWIPENMD--------------------------- 
1_Vanderwaltozyma_polyspora_DS      GIYADIDTEPLQPIPNWLPEHIS--------------------------- 
2_Saccharomyces_cerevisiae_S28      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
4_Saccharomyces_cerevisiae_AWR      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
3_Saccharomyces_cerevisiae_EC1      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
5_Saccharomyces_cerevisiae_Lal      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
6_Saccharomyces_cerevisiae_YJM      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
Saccharomyces_cerevisiae            GVYADIDTFPVQPIPNWIPEELS--------------------------- 
7_Saccharomyces_cerevisiae_Vin      GVYADIDTFPVQPIPNWIPEELS--------------------------- 
1_Candida_glabrata_CBS_138          GTYADIDTSPLQPIPNWIPETVE--------------------------- 
3_Vanderwaltozyma_polyspora_DS      GVYSDYDTDPIQPIPNWIPEFIN--------------------------- 
1_Meyerozyma_guilliermondii_AT      GVYSDIDTVSLKPIDVWMS-----------------------ANETLYGQ 
1_Debaryomyces_hansenii_CBS767      GLYTDIDTISIKPIDTWVS-----------------------MNETVDGS 
1_Scheffersomyces_stipitis_CBS      GVYSDIDTVGLKPIDKWVS-----------------------SNTTLYDK 
1_Clavispora_lusitaniae_ATCC_4      GVYSDIDTKCLKPIDTWVS-----------------------KNQTIYGI 
2_Candida_albicans_SC5314           GVYTDIDTVGLKPVDEWIS-----------------------NSEMILEK 
1_Candida_dubliniensis_CD36         GVYTDIDTVGLKPIDEWIS-----------------------NTEMILEK 
1_Candida_tropicalis_MYA-3404       GVYTDIDTVSLKPIDEWIS-----------------------NNEKYLNK 
1_Lodderomyces_elongisporus_NR      GVYTDIDTVGLKPVDSWISN--------------------AVETPKYLDS 
Pichia_minuta_var._minuta           GTYSDIDTICLKPVNEWATFNEQTVISHYLK---TNGKTSQLPEVDPSTR 
2_Pichia_angusta                    GTYSDMDTVCLKPIKDWATFDRDLIHAADNK---AD-----LSQIDPEAR 
1_Pichia_pastoris_GS115             GLYADMDTMLLKPIESWLTFNETIGG-----------------------V 
2_Kluyveromyces_lactis_NRRL_Y-      GIYSDMDTFPLKPLSSWPSTSQSYFSSLKNP----QRYRN-SLDNLETLE 
2_Ashbya_gossypii_ATCC_10895        GIYSDIDTEPLQPLTAWPSVDQAALQKFKNR----KVHYGGTELSVFGES 
1_Saccharomyces_cerevisiae_S28      GIYSDMDTMLLKPIDSWPSQNKSWLNNIIDLNKPIPYKNSKPSLLSSDEI 
8_Saccharomyces_cerevisiae_Fos      GIYSDMDTMLLKPIDSWPSQNKSWLNNIIDLNKPIPYKNSKPSLLSSDEI 
2_Vanderwaltozyma_polyspora_DS      GIYSDMDTIPLKDLENWPSVDLNKIKKIKALSNPIQYKN----LKSMSPY 
2_Zygosaccharomyces_rouxii          GIYSDMDTFPLKPLNKWPSVDREKLKTFKETRKPVPYKGFK-SEEVVAQN 
2_Candida_glabrata_CBS_138          GIYSDIDTFPLKDFRDWPSMNQEDMKKLKKA-KIIPYKNFDKTMING-MN 
2_Lachancea_thermotolerans          GIYSDMDTFPLKALDEWPSIKTSRLP------KPEVPIKYKGLDSASSPP 
1_Coccidioides_posadasii_str._      GIYSDIDTFALKPATEWVPAAVD--------------------------- 
Coccidioides_immitis_RS             GIYSDIDTFALKPATEWVPAAVD--------------------------- 
Uncinocarpus_reesii_1704            GIYTDIDTWALKSAIEWVPKSVD--------------------------- 
Arthroderma_benhamiae_CBS_1123      GIYSDIDTTALRSATDWIPPTFD--------------------------- 
Trichophyton_verrucosum_HKI_05      GIYSDIDTTALRSATDWIPSTFD--------------------------- 
Arthroderma_gypseum_CBS_118893      GIYSDIDTLALRAATEWIPPTFD--------------------------- 
Arthroderma_otae_CBS_113480         GIYSDIDTSALRPATEWIPSKFD--------------------------- 
1_Aspergillus_fumigatus_A1163       GIYSDIDTYALKPAVDWLPGELD--------------------------- 
2_Aspergillus_fumigatus_Af293       GIYSDIDTYALKPAVDWLPGELD--------------------------- 
Neosartorya_fischeri_NRRL_181       GIYSDIDTYALKPAADWLPGELD--------------------------- 
Aspergillus_clavatus_NRRL_1         GIYSDIDTFALKPASDWLPSELD--------------------------- 
Aspergillus_oryzae_RIB40            GIYSDIDTSALKPAADWLPSTYD--------------------------- 
Aspergillus_flavus_NRRL3357         GIYSDIDTSALKPAADWLPSTYD--------------------------- 
Aspergillus_terreus_NIH2624         GIYSDIDTTALKPASEWLPTSVD--------------------------- 
Aspergillus_niger_CBS_513.88        GIYSDIDTTALKPASDWLPAELD--------------------------- 
Aspergillus_nidulans_FGSC_A4        GVYSDIDTTALKPVVDWLPDSLD--------------------------- 
Penicillium_chrysogenum_Wiscon      GIYSDIDTLALRPAHTWLPEELD--------------------------- 
1_Ajellomyces_capsulatus_H88        GIYTDIDTYALKPTIEWLPPHVD--------------------------- 
3_Ajellomyces_capsulatus_H143       GIYTDIDTYALKPTIEWLPPHVD--------------------------- 
2_Ajellomyces_capsulatus_G186A      GIYTDIDTYALKPTIEWLPPHVD--------------------------- 
1_Ajellomyces_dermatitidis_SLH      GIYSDIDTSALQPAEDWLPRYVN--------------------------- 
1_Paracoccidioides_brasiliensi      GIYSDIDTYVLKPADQWLPQHIN--------------------------- 
2_Paracoccidioides_brasiliensi      GIYSDIDTYVLKPADQWLPQHIN--------------------------- 
3_Paracoccidioides_brasiliensi      GIYSDIDTYVLKPADEWLPRHIN--------------------------- 
Penicillium_marneffei_ATCC_182      GIYSDIDTEALKPVVDWLPEDMD--------------------------- 
Talaromyces_stipitatus_ATCC_10      GIYSDIDTEALKPAIDWLPDDMD--------------------------- 
Pyrenophora_tritici-repentis_P      GIYSDIDTAALKPASDWIPSDVP--------------------------- 
Pyrenophora_teres_f._teres_0-1      GIYSDIDTTALRPASDWIPSDVP--------------------------- 
Leptosphaeria_maculans              GIYSDIDTISLKPAADWIPSDVA--------------------------- 
Phaeosphaeria_nodorum_SN15          GIYSDIDTSALKSAADWVPKDVP--------------------------- 
Tuber_melanosporum_Mel28            GIYSDIDTLALQPAPDWISSNFK--------------------------- 
Sclerotinia_sclerotiorum_1980       GIYSDIDTHALKPASEWLPESVP--------------------------- 
Botryotinia_fuckeliana_B05.10       GIYSDIDTHALKPAPEWLPESVP--------------------------- 
bgh02742                            GIYSDIDTQALKSAVEWLPESVP--------------------------- 
1_Glomerella_graminicola_M1.00      GIYSDIDTYAIRSALEWIPERIP--------------------------- 
Magnaporthe_oryzae_70-15            GIYTDIDTYAIRSALEWIPDSVP--------------------------- 
Verticillium_albo-atrum_VaMs.1      GIYSDIDTYAIRSALDWVPDRIP--------------------------- 
Grosmannia_clavigera_kw1407         GIYSDIDTYAIRSALEWIPEAVP--------------------------- 
Neurospora_crassa_OR74A             GIYSDIDTYAIRSAVEWIPDSVP--------------------------- 
Sordaria_macrospora                 GIYSDIDTYAIRSAVEWIPDSVP--------------------------- 
Chaetomium_globosum_CBS_148.51      GIYSDIDTFAIRSAVDWIPDAVP--------------------------- 
Podospora_anserina_S_mat+           GIYSDIDTYAIRSALEWVPESVP--------------------------- 
Gibberella_zeae_PH-1                GIYSDIDTYAIQSSVKWLPEQIS--------------------------- 
1_Nectria_haematococca_mpVI_77      GIYTDIDTYAIQSSVKWLPEKIP--------------------------- 
Metarhizium_anisopliae_ARSEF_2      GIYSDIDTYAIKSAIEWVPSHIP--------------------------- 
Metarhizium_acridum_CQMa_102        GIYSDIDTYAIKSAIEWVPSHIP--------------------------- 
Yarrowia_lipolytica                 GVYSDVDTEDLKPIPNWIPDEVS--------------------------- 
Schizosaccharomyces_pombe_972h      GIYSDIDTAPLKHINNWIPREYR--------------------------- 
Schizosaccharomyces_japonicus_      GYYTDIDTSPIKPIDKWVPAKFK--------------------------- 
2_Glomerella_graminicola_M1.00      GVYADIDVEDLRPVSRWIPERYA--------------------------- 
2_Nectria_haematococca_mpVI_77      GVYADIDVEALRPVNRFIPERYD--------------------------- 
3_Pichia_angusta                    GVYADIDTDLQKPVDTWFDSDRN--------------------------- 
                                    * ::* *.   :    :                                  
 
1_Pichia_angusta                    PSEIGMIIGIQSDP-DTPDWRKFFARRLQFANWVIQAKPGHPILREVIAT 
2_Pichia_pastoris_GS115             PKSIGMIIGIQNDA-NNPDWKKITELIAKITEDTLQRAE----------- 
2_Scheffersomyces_stipitis_CBS      PDELGMIVSIETDS-NSPNWRTESVRRLQFAQFVIQAKPGHPILREIIAQ 
2_Debaryomyces_hansenii_CBS767      PSELGMIISVETDS-NSNNWRQELARRLQFGQFIMQAKPGHPILREIISR 
3_Meyerozyma_guilliermondii_AT      ADEIGIIAAIGLDS-NSPRWREEAARRLEFSQAIIQCKPGHPVLREIISN 
4_Meyerozyma_guilliermondii_AT      ADEIGIIAAIGLDS-NLPRWREEAARRLEFSQAIIQCKPGHPVLREIISN 
2_Clavispora_lusitaniae_ATCC_4      PTELGLIVAVGTDS-RSASWRQENHRRLEFGNFVIQSKPGHPVLRDTIAH 
1_Candida_albicans_SC5314           PLDIGLIVGVESDS-NSPNWRSESVRRLQLGQFVMQSKPGHPILREIIAQ 
2_Candida_dubliniensis_CD36         PLDIGLIVGIENDS-NSPNWRSESVRRLQLGQFVMQSKPGHPILREIIAQ 
2_Candida_tropicalis_MYA-3404       PLDIGLIVSVESDS-NSPNWRQDSVRRLQFAQFVMQSKPGHPILREIIAQ 
2_Lodderomyces_elongisporus_NR      PLDIGMIVAVDADS-SSDKWRQESVRRLQFGQFVIQAKPGHPVLREVIAE 
1_Lachancea_thermotolerans          PREIGLIIGIENDA-NSPDWRSNYVRRLQFGNWIMQAKPGHPVMREIVAK 
1_Kluyveromyces_lactis_NRRL_Y-      PKEIGLIIGIEHDS-KTPDWRSSYLRRLQFGNWVVQAKPGHPVIREMVAR 
1_Ashbya_gossypii_ATCC_10895        PTKIGMIIGIENDA-KTRDWRSSFIRRLQFATWVIQAKPGHPIIREVVAK 
1_Zygosaccharomyces_rouxii          PANIGLIVGVEHEA-ESPDWRSRYVRRLQLGTWIIQAKPGHPVIREVVAN 
1_Vanderwaltozyma_polyspora_DS      PSSIGLIVGIEHDA-KTQDWKNYYVRRLQFGTWIIQCKPGHPVLREIVAR 
2_Saccharomyces_cerevisiae_S28      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
4_Saccharomyces_cerevisiae_AWR      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
3_Saccharomyces_cerevisiae_EC1      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
5_Saccharomyces_cerevisiae_Lal      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
6_Saccharomyces_cerevisiae_YJM      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
Saccharomyces_cerevisiae            PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
7_Saccharomyces_cerevisiae_Vin      PSDIGLIVGVEEDA-QRADWRTKYIRRLQFGTWIIQAKPGHPVLREIISR 
1_Candida_glabrata_CBS_138          PSDIGLTVGIEHDA-QAVDWRSHYVRRLQFGTWVIQAKPGHPVLREVVAQ 
3_Vanderwaltozyma_polyspora_DS      PKDVGIIVGVEYDL-SSGSLPKNYERRLQFATWVIQCKPGHPIIREIVAQ 
1_Meyerozyma_guilliermondii_AT      PNNPGLVVGIEADP-DRDDWADWYARRIQFCQWTIQAKKGHPMLREIVAL 
1_Debaryomyces_hansenii_CBS767      PNMAGLVVGIEADP-DREDWADWYARRIQFCQWTIQAKRGHPMLRELISR 
1_Scheffersomyces_stipitis_CBS      PINPGLVVGIEADP-DRPDWAEWYARRIQFCQWTIQAKKGHPMLRELIAE 
1_Clavispora_lusitaniae_ATCC_4      DNHAGLVVGIEADP-DRPDWAEWYARRIQFCQWTIQAKKGHPMLRELIAK 
2_Candida_albicans_SC5314           KNRSGLVVGIEADP-DRPDWADWYARRIQFCQWTIQSKRGHPMLRELIAK 
1_Candida_dubliniensis_CD36         TNRSGLVVGIEADP-DRPDWADWYARRIQFCQWTIQSKKGHPMLRELIAK 
1_Candida_tropicalis_MYA-3404       KNNLGLVVGIEADP-DRPDWADWYARRIQFCQWTIQSKSGHPMLRELITK 
1_Lodderomyces_elongisporus_NR      ANTAGFVVGIEADP-DRPDWNDWYARRIQFCQWTIQSKRGHPLLLHLISK 
Pichia_minuta_var._minuta           KTPIGLTIGIEADP-DRPDWHEWYARRIQFCQWTIQGKQGHPMLRELIIR 
2_Pichia_angusta                    TTPVGLVIGIEADP-DRPDWHEWFSRRLQFCQWTIQAKPGHPLLRELIIR 
1_Pichia_pastoris_GS115             KNNAGLVIGIEADP-DRPDWHDWYARRIQFCQWAIQSKRGHPALRELIVR 
2_Kluyveromyces_lactis_NRRL_Y-      ASEPGFVIGIEADP-DRSDWAEWYARRIQFCQWTIQSKSGHPLLRELITN 
2_Ashbya_gossypii_ATCC_10895        SLTPGLAIGIEADP-DRPDWSEYYARRIQFCQWTLQAKAGHPLLRELILN 
1_Saccharomyces_cerevisiae_S28      SHQPGLVIGIEADP-DRDDWSEWYARRIQFCQWTIQAKPGHPILRELILN 
8_Saccharomyces_cerevisiae_Fos      SHQPGLVIGIEADP-DRDDWSEWYARRIQFCQWTIQAKPGHPILRELILN 
2_Vanderwaltozyma_polyspora_DS      QYEPGLVIGIEADP-DREDWSDWYARRIQFCQWTIQAKPGHPALRELILN 
2_Zygosaccharomyces_rouxii          EREPGLVIGIEADP-DRTDWSDWFARRIQFCQWTIQSKPGHPVLRELILN 
2_Candida_glabrata_CBS_138          FIDPGLVVGIEADP-DRPDWADWYSRRVQFCQWTIQSKPGHPVLRELILN 
2_Lachancea_thermotolerans          TQEPGFIAGIEADP-DRDDWNDWYARRVQFCQWTIQSKPGHPLLRELIIN 
1_Coccidioides_posadasii_str._      RTTIGLIIGIEADP-DRKDWQTWYSRRIQFCQWTIQSKPGHPILRDVVAN 
Coccidioides_immitis_RS             RTTIGLIIGIEADP-DRKDWQTWYSRRIQFCQWTIQSKPGHPILRDVVAN 
Uncinocarpus_reesii_1704            RSSIGLVIGIEADP-DREDWQDWYSRRIQFCQWTIQSKPGHPILRDVVAN 
Arthroderma_benhamiae_CBS_1123      RSTFGLVVGIEADP-DRADWAKWYSRRIQFCQWTIQSKPGHPVLRDVIAS 
Trichophyton_verrucosum_HKI_05      RSTFGLVVGIEADP-DRADWAKWYSRRIQFCQWTIQSKPGHPVLRDVIAS 
Arthroderma_gypseum_CBS_118893      RSTIGLVVGIEADP-DRADWAKWYSRRIQFCQWTIQSKPGHPVLRDVIAS 
Arthroderma_otae_CBS_113480         RSTIGLVIGIEADP-DRADWDKWYSRRIQFCQWTIQAKPGHPVLRDVIAN 
1_Aspergillus_fumigatus_A1163       LATVGFVIGIEADP-DRPDWHDWYSRRIQFCQWTIQAKPGHPILRDIVAY 
2_Aspergillus_fumigatus_Af293       LATVGFVIGIEADP-DRPDWHDWYSRRIQFCQWTIQAKPGHPILRDIVAY 
Neosartorya_fischeri_NRRL_181       LATVGFVIGIEADP-DRPDWHDWYSRRIQFCQWTIQAKPGHPILRDIVAY 
Aspergillus_clavatus_NRRL_1         LSKIGFVVGIEADP-DRPDWHDWYSRRIQFCQWTIQAKAGHPILSDIVAY 
Aspergillus_oryzae_RIB40            LSTIGFVVGIEADP-DRPDWHEWYSRRLQFCQWTIQSKPGHPILRDIVAY 
Aspergillus_flavus_NRRL3357         LSTIGFVVGIEADP-DRPDWHEWYSRRLQFCQWTIQSKPGHPILRDIVAY 
Aspergillus_terreus_NIH2624         LSTIGVVVGIEADP-DRPDWHDWYSRRIQFCQWTIQSKPGHPIFRDIVAY 
Aspergillus_niger_CBS_513.88        LATVGAVVGIEADP-DRPDWHDWYARRIQFCQWTIQAKPGHPIMRDIVSY 
Aspergillus_nidulans_FGSC_A4        LSTIGFVVGIEADP-DRPDWHDWYSRRIQFCQWTIQSKPGHPILLDIVTY 
Penicillium_chrysogenum_Wiscon      RSTIGLIVGIEADP-DRDDWHDWYSRRLQFCQWTLVSKPGHPILRDMVAY 
1_Ajellomyces_capsulatus_H88        RSAIGLIVGIEADAHDREDWYLWYSRQLQFCQWTIQAKPGHPVLRDIVAT 
3_Ajellomyces_capsulatus_H143       RSAIGLIVGIEADAPRPR----------------GLAKPGHPVLRDIVAT 
2_Ajellomyces_capsulatus_G186A      RSAIGLIVGIEADAHDREDWYLWYSRQLQFCQWTIQAKRGHPVLRDIVAT 
1_Ajellomyces_dermatitidis_SLH      RSTIGLIIGIEADALDREDWYQWYSRQVQFCQWTIQSKPGHPVLRDVVAT 
1_Paracoccidioides_brasiliensi      RSTVGLVVGIEADT-DREDWAQWFSRRLQFCQWTIQAKPGHPVLRDVVAT 
2_Paracoccidioides_brasiliensi      RSTVGLVVGIEADT-DREDWAQWFSRRLQFCQWTIQAKPGHPVLRDVVAT 
3_Paracoccidioides_brasiliensi      RSTVGLVVGIEADT-DREDWAQWFSRRLQFCQWTIQAKPGHPVLRDVVAT 
Penicillium_marneffei_ATCC_182      PSSVGLVIGIEADP-DRPDWHQWYSRRIQFCQWTIQAKPGHPVLRDVVAT 
Talaromyces_stipitatus_ATCC_10      PSSVGLVIGIEADP-DRPDWHEWYSRRIQFCQWTIQAKPGHPVLRDVVAT 
Pyrenophora_tritici-repentis_P      VSSYGMVIGIEADP-DRPDWADWYSRRIQFCQWTIQSKPGHPVLIDVVAN 
Pyrenophora_teres_f._teres_0-1      VNSYGMVIGIEADP-DRPDWAEWYSRRIQFCQWTIQSKPGHPILVDVVAN 
Leptosphaeria_maculans              PNSYGMVIGIEADP-DRPDWKDWFSRRIQFCQWTIQSKPGHPILVDIVAN 
Phaeosphaeria_nodorum_SN15          ANSYGMVIGIEADP-DRPDWAEWYSRRIQFCQWTIQSKPGHPVLVDVVAN 
Tuber_melanosporum_Mel28            LNQIGLVIGIEADP-DRPDWADWYSRRVQFCQWTIQSKPGHPVLREIVAN 
Sclerotinia_sclerotiorum_1980       REAIGLIVGIEADP-DRPDWAEWYSRRIQFCQWTIQSKPGHPVLREIVAN 
Botryotinia_fuckeliana_B05.10       REAIGLVVGMRADP-DRPDCQEWYSRRIQFDQWTIQAKPGHPVLREIVAN 
bgh02742                            KKSIGLIFGIEADP-DREDWASWYSRRIQFCQWTLQSKPGHPILREVVAN 
1_Glomerella_graminicola_M1.00      RESVGLVTGIEADP-DRPDWKDWYSRRIQFCQWTIQSKPGHPILREIVVR 
Magnaporthe_oryzae_70-15            RETLGLVVGIEADP-DRPDWKEWYSRRIQFCQWTIQAKPGHPVLRQIVTR 
Verticillium_albo-atrum_VaMs.1      TTSIGLVIGIEADP-DRPDWHDWYSRRIQFCQWTIQAKPGHPVLRDIVAR 
Grosmannia_clavigera_kw1407         REAVGLVIGIEADP-DRPDWAQWYSRRIQFCQWTIQAKPGHPVLRSIVAR 
Neurospora_crassa_OR74A             KDAIGLVIGIEADP-DRPDWKEWYSRRIQFCQWTIQSKPGHPVLREVVSR 
Sordaria_macrospora                 KDAIGLVIGIEADP-DRPDWKEWYSRRIQFCQWTIQSKPGHPVLREVVSR 
Chaetomium_globosum_CBS_148.51      RHTVGLVIGIEADP-DRPDWKDWYSRRIQFCQWTIQAKAGHPVLREVVRQ 
Podospora_anserina_S_mat+           RDQIGLVIGIEADP-DRPDWKDWYSRRIQFCQWTIQSKPGHPVLREVVSR 
Gibberella_zeae_PH-1                RDTIGLVIGIEADP-DRPDWAQWYSRRIQFCQWTIQAKPGHPALRDIINR 
1_Nectria_haematococca_mpVI_77      RETIGLVIGIEADP-DRPDWAQWYSRRIQFCQWTIQSKPGHPVLRDIITR 
Metarhizium_anisopliae_ARSEF_2      RETIGLVIGIEADP-DRPDWAEWYSRRIQFCQWTIQSKPGHPVLRDIITR 
Metarhizium_acridum_CQMa_102        RETIGLVVGIEADP-DRPDWAEWYSRRIQFCQWTIQSKPGHPVLRDIITR 
Yarrowia_lipolytica                 PSTVGLIVGIEADP-DRPDWKEWYARRIQLCQWTIQAKPGHPVLRDIVAR 
Schizosaccharomyces_pombe_972h      KRNIRLIVGIEADP-DRPDWNDYYARRVQFCQWTIAAAPGHPILWELVRR 
Schizosaccharomyces_japonicus_      DSDIGMIVGIEADP-DRPDWNDYYARRVQFCQWTIAAVPNHPILWDMAQR 
2_Glomerella_graminicola_M1.00      EADIDLVIGVEIDQPHFKNHPILGKKSMSFCQWTFMSRPGHPVMLKLVEN 
2_Nectria_haematococca_mpVI_77      DKDIDMIVGVEIDQPEFSDHPILGKKSKSFCQWTIISKPHQPVMLKLIEN 
3_Pichia_angusta                    ---VGFVVAVEEDI-NVENWEHYMTRRIQFEQWTFKAKAKHPILRKLIAK 
                                            .:  :                                      
 
1_Pichia_angusta                    ITEETLKRAKEGTL------------------------------------ 
2_Pichia_pastoris_GS115             --SNSLELADISEE------------------------------------ 
2_Scheffersomyces_stipitis_CBS      IIERTLQK-RKALLD-----------------------------TEKLKL 
2_Debaryomyces_hansenii_CBS767      ITEKTLKLNLKEEEI-----------------------------PNDLKL 
3_Meyerozyma_guilliermondii_AT      IVQHTQERKRKDT----------------------------------LKV 
4_Meyerozyma_guilliermondii_AT      IVQHTQERKRKDT----------------------------------LKV 
2_Clavispora_lusitaniae_ATCC_4      ITQQTLREKANLAD------------------------------GQRLTL 
1_Candida_albicans_SC5314           IVLYTKKLEVPELN------------------------------------ 
2_Candida_dubliniensis_CD36         IVLYTKKLEVPELN------------------------------------ 
2_Candida_tropicalis_MYA-3404       IIEYTKNMDTLELG------------------------------------ 
2_Lodderomyces_elongisporus_NR      IVETTRLKHLESMSSTG---------------------------NSNLKL 
1_Lachancea_thermotolerans          VTEETLKRRADGELR----------------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      VTETTLEKKYADELN----------------------------------- 
1_Ashbya_gossypii_ATCC_10895        ITEETLRRKDDGSLN----------------------------------- 
1_Zygosaccharomyces_rouxii          ITETTLQRKNEGTLN----------------------------------- 
1_Vanderwaltozyma_polyspora_DS      ITEETLKRKTENGLN----------------------------------- 
2_Saccharomyces_cerevisiae_S28      IIETTLQRKRDDQLN----------------------------------- 
4_Saccharomyces_cerevisiae_AWR      IIETTLQRKRDDQLN----------------------------------- 
3_Saccharomyces_cerevisiae_EC1      IIETTLQRKRDDQLN----------------------------------- 
5_Saccharomyces_cerevisiae_Lal      IIETTLQRKRDDQLN----------------------------------- 
6_Saccharomyces_cerevisiae_YJM      IIETTLQRKRDDQLN----------------------------------- 
Saccharomyces_cerevisiae            IIETTLQRKRDDQLN----------------------------------- 
7_Saccharomyces_cerevisiae_Vin      IIETTLQRKRDDQLN----------------------------------- 
1_Candida_glabrata_CBS_138          IVEHVLNNK-DDLST----------------------------------- 
3_Vanderwaltozyma_polyspora_DS      ITETTLQRKRDGELS----------------------------------- 
1_Meyerozyma_guilliermondii_AT      ITEITLE-----------------------------------REKKNQLH 
1_Debaryomyces_hansenii_CBS767      ITDITLT-----------------------------------REKKGQLN 
1_Scheffersomyces_stipitis_CBS      ITEKTLT-----------------------------------RARKGQLK 
1_Clavispora_lusitaniae_ATCC_4      ITELTLQ-----------------------------------RWKNGELK 
2_Candida_albicans_SC5314           ITDITLT-----------------------------------RHKKGQLK 
1_Candida_dubliniensis_CD36         ITDITLT-----------------------------------RHKKGQLK 
1_Candida_tropicalis_MYA-3404       ITEITLN-----------------------------------RQENNQLN 
1_Lodderomyces_elongisporus_NR      ITELTLT-----------------------------------RRDKSQLN 
Pichia_minuta_var._minuta           IVEQTFR-----------------------------------KEAMGNLK 
2_Pichia_angusta                    IVEETFR-----------------------------------KQHMGVLK 
1_Pichia_pastoris_GS115             VVSTTLR-----------------------------------KEKSGYLN 
2_Kluyveromyces_lactis_NRRL_Y-      ITATTLESVANVKSSIPLDDAEVLKDIADDYNVNMRDKKKFNKNYKHQQK 
2_Ashbya_gossypii_ATCC_10895        ITGTTLHSVARRTGYARLPPVTFDTEHLEDYNVNYRHKKRHDAAYPHTEK 
1_Saccharomyces_cerevisiae_S28      ITATTLASVQNPG--VPVSEMID-PRFEEDYNVNYRHKRRHDETYKHSEL 
8_Saccharomyces_cerevisiae_Fos      ITATTLASVQNPG--VPVSEMID-PRFEEDYNVNYRHKRRHDETYKHSEL 
2_Vanderwaltozyma_polyspora_DS      ITTTTLSSVESTN--LKYSNLID-QNFKQDYNVNYRHKRRLDTEYDHSSL 
2_Zygosaccharomyces_rouxii          ITATTLYSVSSVK--KTAEELID-KTHKNDYNVNYRDKRARDSHYDHDET 
2_Candida_glabrata_CBS_138          ITATTIYSSAKTP--AHLKSLIDNSADEKDFNINYRHRRRFDKEYDHSQK 
2_Lachancea_thermotolerans          ITATTLASTNVKTN-IKAPDFIIDEGHKDDYFVNARGKKRLDSKFPPTQK 
1_Coccidioides_posadasii_str._      ITEEALRMKSEG-------------------------------------- 
Coccidioides_immitis_RS             ITEEALRMKSEG-------------------------------------- 
Uncinocarpus_reesii_1704            ITEEALRMKSHG-------------------------------------- 
Arthroderma_benhamiae_CBS_1123      ITEDALRMKEEG-------------------------------------- 
Trichophyton_verrucosum_HKI_05      ITEDALRMKEEG-------------------------------------- 
Arthroderma_gypseum_CBS_118893      ITEETLRMKEEV-------------------------------------- 
Arthroderma_otae_CBS_113480         ITEEALRMKVEG-------------------------------------- 
1_Aspergillus_fumigatus_A1163       ITEEALRMKKKG-------------------------------------- 
2_Aspergillus_fumigatus_Af293       ITEEALRMKKKG-------------------------------------- 
Neosartorya_fischeri_NRRL_181       ITEEALRMKKKG-------------------------------------- 
Aspergillus_clavatus_NRRL_1         ITEEALRMKKAG-------------------------------------- 
Aspergillus_oryzae_RIB40            ITEETLRMKKAG-------------------------------------- 
Aspergillus_flavus_NRRL3357         ITEETLRMKKAG-------------------------------------- 
Aspergillus_terreus_NIH2624         ITEEALRMKKAG-------------------------------------- 
Aspergillus_niger_CBS_513.88        ITEETLRMKKAG-------------------------------------- 
Aspergillus_nidulans_FGSC_A4        ITQEALRMKKAG-------------------------------------- 
Penicillium_chrysogenum_Wiscon      VTEHALRMKRAG-------------------------------------- 
1_Ajellomyces_capsulatus_H88        ITEDTLRMKRAG-------------------------------------- 
3_Ajellomyces_capsulatus_H143       ITEDTLRMKRAG-------------------------------------- 
2_Ajellomyces_capsulatus_G186A      ITEDTLRMKRAG-------------------------------------- 
1_Ajellomyces_dermatitidis_SLH      ITEETLRMKQAG-------------------------------------- 
1_Paracoccidioides_brasiliensi      ITEDALRMKAAG-------------------------------------- 
2_Paracoccidioides_brasiliensi      ITEDALRMKAAG-------------------------------------- 
3_Paracoccidioides_brasiliensi      ITEDALRMKEAG-------------------------------------- 
Penicillium_marneffei_ATCC_182      IVEDALRMKKKG-------------------------------------- 
Talaromyces_stipitatus_ATCC_10      IVEDTLRMKRKG-------------------------------------- 
Pyrenophora_tritici-repentis_P      ITQETLNRKRD--------------------------------------- 
Pyrenophora_teres_f._teres_0-1      ITQETLNRKRD--------------------------------------- 
Leptosphaeria_maculans              ITQETLKRKSA--------------------------------------- 
Phaeosphaeria_nodorum_SN15          ITEETLSRKKA--------------------------------------- 
Tuber_melanosporum_Mel28            ITMKTLRRKKA--------------------------------------- 
Sclerotinia_sclerotiorum_1980       ITEQTLSMKES--------------------------------------- 
Botryotinia_fuckeliana_B05.10       ITQQTLDMKKH--------------------------------------- 
bgh02742                            ITLTTLQKSKD--------------------------------------- 
1_Glomerella_graminicola_M1.00      ITEETLKRKKA--------------------------------------- 
Magnaporthe_oryzae_70-15            VTQETLKRKRA--------------------------------------- 
Verticillium_albo-atrum_VaMs.1      ITEETLRRVKA--------------------------------------- 
Grosmannia_clavigera_kw1407         ITTETLRLKQA--------------------------------------- 
Neurospora_crassa_OR74A             ITNVTLAMKRN--------------------------------------- 
Sordaria_macrospora                 ITNATLAMKRN--------------------------------------- 
Chaetomium_globosum_CBS_148.51      ITNRTLERKKD--------------------------------------- 
Podospora_anserina_S_mat+           ITEQVLKRKRA--------------------------------------- 
Gibberella_zeae_PH-1                ITKKTLDEKRK--------------------------------------- 
1_Nectria_haematococca_mpVI_77      IAKQTLSMKRQ--------------------------------------- 
Metarhizium_anisopliae_ARSEF_2      ITNSTLALKRD--------------------------------------- 
Metarhizium_acridum_CQMa_102        ITNSTLALKRD--------------------------------------- 
Yarrowia_lipolytica                 IVEKTLAKKRSGTL-----------------------------------E 
Schizosaccharomyces_pombe_972h      ITDETWKLHDSK-------------------------------------- 
Schizosaccharomyces_japonicus_      ITKETIKRAETN-------------------------------------- 
2_Glomerella_graminicola_M1.00      IIAWLSDVAKSQGVT----------------------------------- 
2_Nectria_haematococca_mpVI_77      IMAWLKNVTKEQKVP----------------------------------- 
3_Pichia_angusta                    IVETTFQAKKNDKLQAYYKDFKG--------------------------- 
                                                                                       
 
1_Pichia_angusta                    -DFDAASDFSIMEWTGAGVWTDVIFKYFN--------------------- 
2_Pichia_pastoris_GS115             -GGLSDKNLSIMQWTGTGIFTDAIFTYFN--------------------- 
2_Scheffersomyces_stipitis_CBS      TGSSNQRSLDISRWTGAGLWTDVILKYFN--------------------- 
2_Debaryomyces_hansenii_CBS767      SGSSNQKTLKILKWTGSGIWTDVIMNYFN--------------------- 
3_Meyerozyma_guilliermondii_AT      EGSSNQKGLAISQWTGTGRWTDTILGYFN--------------------- 
4_Meyerozyma_guilliermondii_AT      EGSSNQKGLAISQWTGTGRWTDTILGYFN--------------------- 
2_Clavispora_lusitaniae_ATCC_4      EGSPNQRSLAISRWTGAGTWTDNILRYLN--------------------- 
1_Candida_albicans_SC5314           -GNPNAKAIAIMKWTGSGRFTDVVFQYLN--------------------- 
2_Candida_dubliniensis_CD36         -GNPNAKAISIMKWTGSGRFTDVVFQYLN--------------------- 
2_Candida_tropicalis_MYA-3404       -GNTNEKSLTIMKWTGSARFTDVIFQYWN--------------------- 
2_Lodderomyces_elongisporus_NR      TGNAQQKLMKISQWTGSAIWTEVIFKYFN--------------------- 
1_Lachancea_thermotolerans          --MNLRNDLNIMSWTGSGIWTDVVFTYFN--------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      --MNLRNDLTIMGWTGTGAWTDVIFTYFN--------------------- 
1_Ashbya_gossypii_ATCC_10895        --SNLRDDKNIMSWTGSGAWTDVVFTYFN--------------------- 
1_Zygosaccharomyces_rouxii          --INLRSDKNIMTWTGSGVWTDVIFSYLN--------------------- 
1_Vanderwaltozyma_polyspora_DS      --VNLRNDLMVMKWTGSGIWTDVIFSYFN--------------------- 
2_Saccharomyces_cerevisiae_S28      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
4_Saccharomyces_cerevisiae_AWR      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
3_Saccharomyces_cerevisiae_EC1      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
5_Saccharomyces_cerevisiae_Lal      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
6_Saccharomyces_cerevisiae_YJM      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
Saccharomyces_cerevisiae            --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
7_Saccharomyces_cerevisiae_Vin      --VNLRNDLNIMSWTGSGLWTDTIFTYFN--------------------- 
1_Candida_glabrata_CBS_138          --VNVRNDLSVMKFTGSALFTDAIMTYLN--------------------- 
3_Vanderwaltozyma_polyspora_DS      --VNTRDYKNIINWTGSGVWTDIIFSYFN--------------------- 
1_Meyerozyma_guilliermondii_AT      KVLGKDEGGDVMVWTGPGIWTDSVFAYMNNALQS---------------- 
1_Debaryomyces_hansenii_CBS767      KILGKDAGGDIMNWTGPGIWTDVVFEYMNNISQP---------------- 
1_Scheffersomyces_stipitis_CBS      KVLGKDEGGDIMNWTGPGIWTDAIFNYMNNVLQS---------------- 
1_Clavispora_lusitaniae_ATCC_4      KIKGKDSGGDIMNWTGPGIWTDMVFEYMNNILQP---------------- 
2_Candida_albicans_SC5314           KVLGKNEGGDIMNWTGPGIFTDTVFEYMNNILQS---------------- 
1_Candida_dubliniensis_CD36         KILGKNEGGDIMNWTGPGIFTDTIFEYMNNILQS---------------- 
1_Candida_tropicalis_MYA-3404       KVLGKDEGGDIMNWTGPGIFTDTVFDYMNAILQS---------------- 
1_Lodderomyces_elongisporus_NR      KVLGKDQGGDIMDWTGPGVFTDAVFEYVNRLMQKGGDTTKNVI------- 
Pichia_minuta_var._minuta           KVEGKDMGGDIMQWTGPGVFTDTLFDYLNNVVSDGKLGDGYGVGSKYW-- 
2_Pichia_angusta                    RVEGKDSGADIMQWTGPGIFTDTLFDYLNNVASDGKLGDGYGVGSLYW-- 
1_Pichia_pastoris_GS115             MVEGKDRGSDVMDWTGPGIFTDTLFDYMTNVNTTGHSGQGIGAGSAYY-- 
2_Kluyveromyces_lactis_NRRL_Y-      KTAKNTDGTDIMNWTGPGIFSDVIFQYLNNVIQKNDDILIFNDNLNVI-- 
2_Ashbya_gossypii_ATCC_10895        KTAKNTDETDIMNWTGPGIFSDVVFDYLNNLITTNDEVVIYNDNLLEK-- 
1_Saccharomyces_cerevisiae_S28      KNNKNVDGSDIMNWTGPGIFSDIIFEYMNNVLRYNSDILLINPNLNKNDE 
8_Saccharomyces_cerevisiae_Fos      KNNKNVDGSDIMNWTGPGIFSDIIFEYMNNVLRYNSDILLINPNLNKNDE 
2_Vanderwaltozyma_polyspora_DS      KNSKNVDGSDIMNWTGPGIFSDIIFDYLNNLLEHNNDVEIYNSNLN---- 
2_Zygosaccharomyces_rouxii          KTDKNVDGSDIMNWTGPGIFSDMVMQYLNNLIQNNNDVLLLNGNIYTP-- 
2_Candida_glabrata_CBS_138          KQRKNVDGTDIMNWTGPGIFSDSILNYLTNIIRKNRNILLLNSNLDSKQK 
2_Lachancea_thermotolerans          KTAKNTDGTDTMNWTGPGVFSDAIFNYLNNIIQTNPDIMIINNNLKAN-- 
1_Coccidioides_posadasii_str._      KLKKNKMDKTIVEFTGPAVWTDSIFRYFN--------------------- 
Coccidioides_immitis_RS             KLKKNKMDKTIVEFTGPAVWTDSIFRYFN--------------------- 
Uncinocarpus_reesii_1704            RLKKAKMDKTIVEFTGPAVWTDAVFRYLN--------------------- 
Arthroderma_benhamiae_CBS_1123      ILTKKGMDKSIVEFTGPAVWTDAIFRHFN--------------------- 
Trichophyton_verrucosum_HKI_05      ILTKKGMDKSIVEFTGPAVWTDAIFRHFN--------------------- 
Arthroderma_gypseum_CBS_118893      NRG----------VHRPAVWTDAIFKHFN--------------------- 
Arthroderma_otae_CBS_113480         NLTDGKMDKSIVEFTGPAIWTDAVFRYLN--------------------- 
1_Aspergillus_fumigatus_A1163       ILKEGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
2_Aspergillus_fumigatus_Af293       ILKEGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
Neosartorya_fischeri_NRRL_181       ILKEGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
Aspergillus_clavatus_NRRL_1         VLKEGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
Aspergillus_oryzae_RIB40            ILKVGKMDKTIVEFTGPGAWTDAIFRYFN--------------------- 
Aspergillus_flavus_NRRL3357         ILKVGKMDKTIVEFTGPGAWTDAIFRYFN--------------------- 
Aspergillus_terreus_NIH2624         ILKKGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
Aspergillus_niger_CBS_513.88        ILKTGKMDKTVMEYTGPGAWTDAVFRYFN--------------------- 
Aspergillus_nidulans_FGSC_A4        ILKKGKMDKTIVEFTGPAAWTDAVFRYFN--------------------- 
Penicillium_chrysogenum_Wiscon      ILKVGKMDKTIMEFTGPGAWTDSVFRYFN--------------------- 
1_Ajellomyces_capsulatus_H88        ILRPGIMDRSIVEFTGPAVWTDCVFRYLN--------------------- 
3_Ajellomyces_capsulatus_H143       ILRPGIMDRSIVEFTGPAVWTDCVFRYLN--------------------- 
2_Ajellomyces_capsulatus_G186A      ILRPGIMDKSIVEFTGPAVWTDCVFRYLN--------------------- 
1_Ajellomyces_dermatitidis_SLH      ILTPSKMDKSIVEFTGPAVWTDAVFRYFN--------------------- 
1_Paracoccidioides_brasiliensi      ILIKGMMDKSVMEFTGPAVWTDAIFRYFN--------------------- 
2_Paracoccidioides_brasiliensi      ILIQGMMDKSVMEFTGPAVWTDAIFQYFN--------------------- 
3_Paracoccidioides_brasiliensi      ILIRGMMDKSVMEFTGPAVWTDAIFRYFN--------------------- 
Penicillium_marneffei_ATCC_182      ILTMSKLDKSVMEFTGPAVWTDAIFRYFN--------------------- 
Talaromyces_stipitatus_ATCC_10      VLTKSKMDKSIVEFTGPAVWTDAVFRYFN--------------------- 
Pyrenophora_tritici-repentis_P      GKLSKD-HKGIIEFTGPAVWTDSIFSYFN--------------------- 
Pyrenophora_teres_f._teres_0-1      GKLSTD-HQGIIEFTGPAVWTDSVFSYFN--------------------- 
Leptosphaeria_maculans              GTLSAD-SKGIIEFTGPAVWTDSVFNYFN--------------------- 
Phaeosphaeria_nodorum_SN15          GKLSKD-HKGIIEFTGPAVWTDSIFNYFN--------------------- 
Tuber_melanosporum_Mel28            GKLQGN-HNNVIEWTGPAVWTDVIFEYFN--------------------- 
Sclerotinia_sclerotiorum_1980       GTLKHFNDKNVVEFTGPALWTDTIFDFLN--------------------- 
Botryotinia_fuckeliana_B05.10       GTLKKFDDKNVVTFTGPALWTDTIFDFLN--------------------- 
bgh02742                            GLLSNFNSRSVIEFTGPGLWTDVIFGFMN--------------------- 
1_Glomerella_graminicola_M1.00      GKLNNIIDKNVVELTGPAVWTDTIFDYFN--------------------- 
Magnaporthe_oryzae_70-15            GQLEKMADKGVVEFTGPAVWTDIIFEYMN--------------------- 
Verticillium_albo-atrum_VaMs.1      GQLSKVMDDNVVEFTGPAVWTDTVFDYLN--------------------- 
Grosmannia_clavigera_kw1407         GTLQGQLGRSVVEFTGPAVWTDLVFAYFN--------------------- 
Neurospora_crassa_OR74A             GTLRGVVDKNVIEFTGPALWTDVIFEYFN--------------------- 
Sordaria_macrospora                 GTLRGIIDKNVIEFTGPALWTDVIFEYLN--------------------- 
Chaetomium_globosum_CBS_148.51      GSLKELNNKSVIEFTGPALWTDTIFEYFN--------------------- 
Podospora_anserina_S_mat+           GSLKDVVDKDVIEFTGPALWTDIIFGYFN--------------------- 
Gibberella_zeae_PH-1                GTLETFVDRNVVEFTGPAVWTDAIIDYFN--------------------- 
1_Nectria_haematococca_mpVI_77      GKLDRLVDHDVVEFTGPAVWTDAIMEYFN--------------------- 
Metarhizium_anisopliae_ARSEF_2      GKLSSFQGKNVVDLTGPAVWTDTIMDYLN--------------------- 
Metarhizium_acridum_CQMa_102        GKLSSFQGKHVVDLTGPAVWTDTIMDYLN--------------------- 
Yarrowia_lipolytica                 MAGDKTDGSEIMDWTGPGVWTDSVFDYFN--------------------- 
Schizosaccharomyces_pombe_972h      --KLSKNGESVMEWTGPGIWTDAIMDYLN--------------------- 
Schizosaccharomyces_japonicus_      --KLDTRYGNVMEWTGPGVWTDAVMDYLD--------------------- 
2_Glomerella_graminicola_M1.00      ISEVKLDFDEVISGTGPSAFTKAVLDVMS--------------------- 
2_Nectria_haematococca_mpVI_77      LGEVQLDFDQVISGTGPSAFTKALLEQMN--------------------- 
3_Pichia_angusta                    --VDRCASVDIMVWTGPVVWTDTIYAHLNSIPSP---------------- 
                                                    .  ::. :                           
 
1_Pichia_angusta                    -----------------------------DYVLSGIFSKVTWKDFTKLDV 
2_Pichia_pastoris_GS115             -----------------------------DYIQSSIYTKVTWKEFSKLRK 
2_Scheffersomyces_stipitis_CBS      -----------------------------DYIQSSIYQKITWKEFHELKI 
2_Debaryomyces_hansenii_CBS767      -----------------------------NYIQSSIYQKITWQEFHDLTI 
3_Meyerozyma_guilliermondii_AT      -----------------------------DYIQSSIYHEITWKEFHDLQV 
4_Meyerozyma_guilliermondii_AT      -----------------------------DYIQSSIYHEITWKEFHDLQV 
2_Clavispora_lusitaniae_ATCC_4      -----------------------------DYVQSSVYQSITWKEFHDLET 
1_Candida_albicans_SC5314           -----------------------------DYILSSIYESINWQHLHNLEV 
2_Candida_dubliniensis_CD36         -----------------------------DYILSSIYESINWQHLHNLQV 
2_Candida_tropicalis_MYA-3404       -----------------------------DYLLSGIFESINWQQLHNLNI 
2_Lodderomyces_elongisporus_NR      -----------------------------DYILSSVFQKVTWKDFHELST 
1_Lachancea_thermotolerans          -----------------------------DYVQSGILSKITWKEFHNLGV 
1_Kluyveromyces_lactis_NRRL_Y-      -----------------------------DYVQSGVLDKITWKHFHNLKV 
1_Ashbya_gossypii_ATCC_10895        -----------------------------DYVQSGILQKITWKDFHKIPR 
1_Zygosaccharomyces_rouxii          -----------------------------DYLRSGNTDRITWGWFNQLKE 
1_Vanderwaltozyma_polyspora_DS      -----------------------------DYLKSGINKKVNWKEFTSLNE 
2_Saccharomyces_cerevisiae_S28      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
4_Saccharomyces_cerevisiae_AWR      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
3_Saccharomyces_cerevisiae_EC1      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
5_Saccharomyces_cerevisiae_Lal      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
6_Saccharomyces_cerevisiae_YJM      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
Saccharomyces_cerevisiae            -----------------------------DFMRSGVREKVTWKLFHNLNQ 
7_Saccharomyces_cerevisiae_Vin      -----------------------------DFMRSGVREKVTWKLFHNLNQ 
1_Candida_glabrata_CBS_138          -----------------------------DFIKSGLDRKVTWRDFTKITS 
3_Vanderwaltozyma_polyspora_DS      -----------------------------NYLQSGLDKKVVWKDFHNLLV 
1_Meyerozyma_guilliermondii_AT      --------------------------PENFAAK-KHDEIVTWKTFTGMKM 
1_Debaryomyces_hansenii_CBS767      --------------------------PDNFKTK-TYDDIINVSVFTGMTI 
1_Scheffersomyces_stipitis_CBS      --------------------------PENFQKK-KYDEIITWKIFTGMES 
1_Clavispora_lusitaniae_ATCC_4      --------------------------QENFERK-KYDEIVTWKLFTGMEM 
2_Candida_albicans_SC5314           --------------------------PEVFKNKKKWATIIDWKLFTGMEQ 
1_Candida_dubliniensis_CD36         --------------------------PEVFKNKKKWATIIDWELFTGMEQ 
1_Candida_tropicalis_MYA-3404       --------------------------PEVITGKYKWETIIDWKVFTGMEQ 
1_Lodderomyces_elongisporus_NR      -----------------------LKKKSKSKKREMIEKIVDWKLFTGMEQ 
Pichia_minuta_var._minuta           -------NSHAKYKLSHIEVDANNEPMHSDK------QTISWKSMSKLSE 
2_Pichia_angusta                    -------RKHGKYKLKKTEINKNNEPLHSED------QLINWRSLTNMDK 
1_Pichia_pastoris_GS115             -------NALSLEERDALSARPNGEMLKEKVPGKYAQQVVLWEQFTNLRS 
2_Kluyveromyces_lactis_NRRL_Y-      --------NKHG----SKHDTTMRFYKDIVKNLQNDKPSLFWGFFSLMTE 
2_Ashbya_gossypii_ATCC_10895        --------NPETGEILPIATSTRKFAAEIKTALSKSKPKLFWDFFSLMQT 
1_Saccharomyces_cerevisiae_S28      EGSESATTPAKDVDNDTLSKSTRKFYKKISESLQSSN-SMPWEFFSFLKE 
8_Saccharomyces_cerevisiae_Fos      EGSESATTPAKDVDNDTLSKSTRKFYKKISESLQSSN-SMPWEFFSFLKE 
2_Vanderwaltozyma_polyspora_DS      ----GALPQRSEKKENFKVTTTRKFYEKITNSLKTES-HIPWEFFSLISE 
2_Zygosaccharomyces_rouxii          ----TTVDPAEAAAQDENGVSTKKFYRKIIESLLVNR-HIPWEFFTLITE 
2_Candida_glabrata_CBS_138          EIPSSAAGSQEEEEEEDLTYSTKKFYNEISTSLLSSA-KMPWEFFSLITE 
2_Lachancea_thermotolerans          --------------NMEDGSGTRKFYRKITEGLMSSA-TFVTEFFSLIEE 
1_Coccidioides_posadasii_str._      ----------------------NPNYFDMGRRDGNSTSEIGYKHFTGMVA 
Coccidioides_immitis_RS             ----------------------NPNYFDMGRRDGNSTSEIGYKHFTGMVA 
Uncinocarpus_reesii_1704            ----------------------NPAYFDVG-NDIHLTREIDYRYFVGIVA 
Arthroderma_benhamiae_CBS_1123      ----------------------DPLAFPSEDGKHR---NISAHHFTGMTK 
Trichophyton_verrucosum_HKI_05      ----------------------DPLAFPSEDGKHR---NISAHHFTGMTK 
Arthroderma_gypseum_CBS_118893      ----------------------DPVNFPSEEGKHQ---NITALHFTGMTK 
Arthroderma_otae_CBS_113480         ----------------------DPFYFPSEDGALR---NISTPHFTGMTK 
1_Aspergillus_fumigatus_A1163       ----------------------NPEYFSIEPGSTHN---VTYEDFTNQRG 
2_Aspergillus_fumigatus_Af293       ----------------------NPEYFSIEPGSTHN---VTYEDFTNQQG 
Neosartorya_fischeri_NRRL_181       ----------------------NPEYFSIEPGSTHN---VTYEDFTNQRD 
Aspergillus_clavatus_NRRL_1         ----------------------DPEFFSIEPDSTHN---VTYEDFTNQQG 
Aspergillus_oryzae_RIB40            ----------------------DPDYFNIEPDSNHN---ITYEDFSNQKD 
Aspergillus_flavus_NRRL3357         ----------------------DPDYFNIEPDSNHN---ITYEDFSNQKD 
Aspergillus_terreus_NIH2624         ----------------------NPEYFNIDPNSDKN---ITYEDFTNQEE 
Aspergillus_niger_CBS_513.88        ----------------------DPEYFNIEPGSTLN---ITYEDFTGQEG 
Aspergillus_nidulans_FGSC_A4        ----------------------DPEYFYVEPGTTRN---ITYEDFTNQVE 
Penicillium_chrysogenum_Wiscon      ----------------------NPAYFNIQPG-DKN---ITYEDFSHQTT 
1_Ajellomyces_capsulatus_H88        ----------------------DPEYFEAARPPHGR--NLTAKDFAGITV 
3_Ajellomyces_capsulatus_H143       ----------------------DPEYFEAARPPHGR--NLTAKDFAGITV 
2_Ajellomyces_capsulatus_G186A      ----------------------DPEYFEAARPPHGR--NLTAKDFAGITV 
1_Ajellomyces_dermatitidis_SLH      ----------------------DPNYFEAARPPHGR--NVTAMDFSGITV 
1_Paracoccidioides_brasiliensi      ----------------------NPLYFETARPPTGR--NLTAQDFSGVKE 
2_Paracoccidioides_brasiliensi      ----------------------NPLYFETARPPTGR--NLTAQDFSGVKE 
3_Paracoccidioides_brasiliensi      ----------------------NPLYFETAQPPNGR--NLTAHDFSGVKE 
Penicillium_marneffei_ATCC_182      ----------------------NPDYFISEGTGNVT-----YEDFTGLTI 
Talaromyces_stipitatus_ATCC_10      ----------------------NPDYFLSEGTRNVT-----YEDFTGLTR 
Pyrenophora_tritici-repentis_P      ----------------------NPEYFDMSTSKGNIT----WEHFTGMKA 
Pyrenophora_teres_f._teres_0-1      ----------------------NPEFFDMSTSKGNIT----WEHFTGMKA 
Leptosphaeria_maculans              ----------------------NPEFFDMSTSKGNIT----WKAFTGMTA 
Phaeosphaeria_nodorum_SN15          ----------------------NPDYFDMSTSKGNIT----WENFTGMKA 
Tuber_melanosporum_Mel28            ----------------------DPKYFDMSSSKGDIS----WQNFTGMEE 
Sclerotinia_sclerotiorum_1980       ----------------------DERYFDMTTSKGNIT----WREFTGIQS 
Botryotinia_fuckeliana_B05.10       ----------------------DEKYFDMTTSKGNIT----WRDFTGIVS 
bgh02742                            ----------------------DGRYFDMSTSNGPIT----WKEFTGITS 
1_Glomerella_graminicola_M1.00      ----------------------DPRYFDMKNSKGPID----WKNFTGMET 
Magnaporthe_oryzae_70-15            ----------------------DERYFDMSNSKGVID----WRNFTGMEM 
Verticillium_albo-atrum_VaMs.1      ----------------------DARYFDMAHSKGPID----WRNFTGMEQ 
Grosmannia_clavigera_kw1407         ----------------------DERYFDMSASKGSID----WRNFTGMDA 
Neurospora_crassa_OR74A             ----------------------DQRYFDMTHSAGSID----WKNFTGMEA 
Sordaria_macrospora                 ----------------------DKRYFDMTHSAGSID----WKNFTGMEV 
Chaetomium_globosum_CBS_148.51      ----------------------DARFFDMSKSTGPID----WKNFTGMET 
Podospora_anserina_S_mat+           ----------------------DERYFDMENSVGLID----WKNFTGMET 
Gibberella_zeae_PH-1                ----------------------DGRFFDMSQSKGTID----YKNFTGMET 
1_Nectria_haematococca_mpVI_77      ----------------------DERFFDLSRSKGVID----YKNFTGMET 
Metarhizium_anisopliae_ARSEF_2      ----------------------DGRFFDMRKSQGKID----WHNFTGMET 
Metarhizium_acridum_CQMa_102        ----------------------DGRFFDMKKSQGKID----WHNFTGMEM 
Yarrowia_lipolytica                 ----------------------DRKKSGLKSQVGIKD-------FFNLKT 
Schizosaccharomyces_pombe_972h      ----------------------------------WQYGPFSVENITNLEE 
Schizosaccharomyces_japonicus_      ----------------------------------WNYGPFSWKNVTNLQE 
2_Glomerella_graminicola_M1.00      -------------------------------ARSHSGP-ITWDTFHDIDE 
2_Nectria_haematococca_mpVI_77      -------------------------------QRRSGGPKVTWDMFHNMDE 
3_Pichia_angusta                    --------------TIVDIDHQRDIAGELYGPETGEGDVISWRFFAGLRA 
                                                                                .      
 
1_Pichia_angusta                    PKLVSDVLVLPITCFSPGIGKMGAHD---ADHPLAFVKHYSEHLFRQ--- 
2_Pichia_pastoris_GS115             PKLVSDVLVLPIISFSAGAGSGKSTE---LNDPLAFVQHYFERLHNDNH- 
2_Scheffersomyces_stipitis_CBS      PKLVSDILILPIHSFASDIEIPKDGK---IEDPLAFVKHYAAKIWKTT-- 
2_Debaryomyces_hansenii_CBS767      PKLVSDVLVLPIGSFASQLEIPKNGK---INDPLAFAKHYSSKIWKTT-- 
3_Meyerozyma_guilliermondii_AT      PKLVSDILVLPIKSFASTEEIPKDGK---VEDPLAFAKHYQGKIWKTT-- 
4_Meyerozyma_guilliermondii_AT      PKLVSDILVLPIKSFALTEEIPKDGK---VEDPLAFAKHYQGKIWKTT-- 
2_Clavispora_lusitaniae_ATCC_4      PKLVGDVLVLPIKSFASELEIPKDNK---VSDPIAFVKHYAASIWKTT-- 
1_Candida_albicans_SC5314           PKLLGDVLVLPRVSFSADDEKN----------PLSFVKHYGDKIYKQV-- 
2_Candida_dubliniensis_CD36         PKLLGDILVLPKMSFSAEDEKN----------PLSFVKHYGDKIYKQV-- 
2_Candida_tropicalis_MYA-3404       PKLMGDVLVLPQNSFAAKDEKD----------QLAFAKHYGDKIYKQV-- 
2_Lodderomyces_elongisporus_NR      PKLVSDILVLPKSSFASDVDVANDGK---ITDPLAFVKHYAAKIWKGD-- 
1_Lachancea_thermotolerans          PKLVGDVLVFPQFSFDAPEKEEDG------NKALQFCRHTGLKSWKAAPK 
1_Kluyveromyces_lactis_NRRL_Y-      PKLVGDILVFPEVSFNAPQADSDTDSKQLTNSALHFATHTKMKSWKNQQK 
1_Ashbya_gossypii_ATCC_10895        PKLVGDVLVLPQFSFNAPTSQDSSAG----DKNFYYASHEGMKSWKE--- 
1_Zygosaccharomyces_rouxii          PRQIADILAFPPFSFNAPKTINNDDV----NKPLYLIHHQAKKSWKTVPK 
1_Vanderwaltozyma_polyspora_DS      PKLLSDILVYPKYSFDVPKDAKDNNN----EKSYYLVSHRMKKTWKALPN 
2_Saccharomyces_cerevisiae_S28      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
4_Saccharomyces_cerevisiae_AWR      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
3_Saccharomyces_cerevisiae_EC1      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
5_Saccharomyces_cerevisiae_Lal      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
6_Saccharomyces_cerevisiae_YJM      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
Saccharomyces_cerevisiae            PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
7_Saccharomyces_cerevisiae_Vin      PKLLSDVLVFPKFSFNCPNQIDNDDP----HKKFYFITHLASQFWKNTPK 
1_Candida_glabrata_CBS_138          PKLVSDILVFPEFSFNVPENFDKEDP----LRAQFFISHKGEKFWKAAPK 
3_Vanderwaltozyma_polyspora_DS      PKLMSDVLVLPKFSFNAPDNKLDGHP----DRTYHYCTHDKKESWKKVPT 
1_Meyerozyma_guilliermondii_AT      PIAIDDVLVLPITSFSPDVNQMGAKS---SKDPMAYAKHMFAGSWKPEDE 
1_Debaryomyces_hansenii_CBS767      PVAIQDVLVLPITSFSPDVGQMGAKD---TSHPMAYAKHMFSGSWKPEDE 
1_Scheffersomyces_stipitis_CBS      AIAIDDVLVLPITSFSPDVGQMGAKN---MNDPMAYAKHMFSGSWKHDEI 
1_Clavispora_lusitaniae_ATCC_4      PMAIEDVLILPITSFSPDVNQMGAQS---SSHELAYAKHLFSGSWKDNGP 
2_Candida_albicans_SC5314           PIAIDDVLVLPITSFSPDVNQMGAKD---SHDPMAYAKHMFSGSWKDDGM 
1_Candida_dubliniensis_CD36         PIAIDDVLILPITSFSPDVNQMGAKD---SHDPMAYAKHMFSGSWKDDGM 
1_Candida_tropicalis_MYA-3404       PIAIDDVLVLPITSFSPDVNQMGSKS---SKDPLAYAKHMFSGSWKDDGM 
1_Lodderomyces_elongisporus_NR      PILIDDVMVLPITSFSPDVNQMGAKS---SGDPMAYAKHMFLGSWKDDQV 
Pichia_minuta_var._minuta           PLIIDDVMILPITSFSPGVGQMGSHS---PDHPLAFVRHMFQGSWKPDAE 
2_Pichia_angusta                    PKIMGDVMVLPITSFSPNVGHMGSKS---SSDRLAFVEHLFSGSWKPKNK 
1_Pichia_pastoris_GS115             PKLIDDILILPITSFSPGIGHSGAGD---LNHHLAYIRHTFEGSWKD--- 
2_Kluyveromyces_lactis_NRRL_Y-      PILVDDIMVLPITSFSPGIRTMGAKE---DNDEMAFVKHIFEGSWKD--- 
2_Ashbya_gossypii_ATCC_10895        PALIDDVVVLPITSFSPGVGHMQAGE---PDHPMAFVHHHFEGSWKQQGP 
1_Saccharomyces_cerevisiae_S28      PVIVDDVMVLPITSFSPDVGQMGAQS---SDDKMAFVKHMFSGSWKEDAD 
8_Saccharomyces_cerevisiae_Fos      PVIVDDVMVLPITSFSPDVGQMGAQS---SDDKMAFVKHMFSGSWKEDAD 
2_Vanderwaltozyma_polyspora_DS      PVLLDDVMVLPITSFSPDVGQMGAKS---SSNRMALVKHMFSGSWKKVAD 
2_Zygosaccharomyces_rouxii          PITVDDLMILPITSFSPDVGQMNAKG---MDDEMALVKHQFEGSWKGDAG 
2_Candida_glabrata_CBS_138          PLLVDDIMVLPITSFSPDVMQMQAES---SQHELALVKHMFHGSWKEEAD 
2_Lachancea_thermotolerans          PVIVDDVMILPITSFSPGVNHMGSKP---EDDDMAFVKHMFKGTWKNDPK 
1_Coccidioides_posadasii_str._      QKAVGDVIVLPITSFSPGVRQMGAEE---PEHPMAFVKHNFQG------- 
Coccidioides_immitis_RS             QKAVGDVVVLPITSFSPGVRQMGAEE---PEHPMAFVKHNFQGTLYTVLL 
Uncinocarpus_reesii_1704            QKVVGDVIVLPITSFSPGVQQMGAQE---PEHPMAFVKHEFQVRASEEFI 
Arthroderma_benhamiae_CBS_1123      QKQVGDVVVLPITSFSPGVQQMGSEE---ADSDMAFVQHEFSGMPTYVH- 
Trichophyton_verrucosum_HKI_05      QKQVGDVVVLPITSFSPGVQQMGSEE---ADSDMAFVQHEFSGMSTYVH- 
Arthroderma_gypseum_CBS_118893      QKQVGDVVILPITSFSPGVQQMGSEE---IDSDMAFVQHEFSADGMLAGC 
Arthroderma_otae_CBS_113480         QKQVGDIVVLPITSFSPGVQQMGSEE---PDSDMAFVQHQFSGTWKSLED 
1_Aspergillus_fumigatus_A1163       YKKVGDVVVLPITSFSPGVGQMGAGD---LDDPMAFVKHDFSGTIMEDRS 
2_Aspergillus_fumigatus_Af293       YKKVGDVVVLPITSFSPGVGQMGAGD---LDDPMAFVKHDFSGTIMEDRS 
Neosartorya_fischeri_NRRL_181       YKKVGDVVVLPITSFSPGVGQMGAGD---LDDPMAFVKHDFSGSWKTDPA 
Aspergillus_clavatus_NRRL_1         FRMVGDVVVLPITSFSPGVNQMGAGD---YDDPMAFVKHDFSGSWKTDPS 
Aspergillus_oryzae_RIB40            WRKVGDVVVLPITSFSPGVMQMGAGD---YDDPMAFVKHDFEGSWKTDPS 
Aspergillus_flavus_NRRL3357         WRKVGDVVVLPITSFSPGVMQMGAGD---YDDPMAFVKHDFEGT------ 
Aspergillus_terreus_NIH2624         YRKVGDVIVLPITSFSPGVQQMGAKD---VDDPMAFVKHDFDGSWKDDPS 
Aspergillus_niger_CBS_513.88        YKKVGDVVVLPITSFSPGVHQMGAGD---VDDPMAFVKHHFEGTWKDDPS 
Aspergillus_nidulans_FGSC_A4        YQKVGDVVVLPITSFSPGVQQMGAQG---IDDPMAFVKHNFGGTWKTDPS 
Penicillium_chrysogenum_Wiscon      HRKVGDVVVLPITSFSPGVGQMGAGD---PDDPMAFVKHNFGGTWKTDPS 
1_Ajellomyces_capsulatus_H88        QRKVGDVVVLPITSFSPGVGQMGAQD---AGDPMAFVLHQFEGSWKGEAE 
3_Ajellomyces_capsulatus_H143       QRKVGDVVVLPITSFSPGVGQMGAQD---AGDPMAFVLHQFEGSWKGEAE 
2_Ajellomyces_capsulatus_G186A      QRKVGDVVVLPITSFSPGVGQMGAQD---AGDPMAFVLHQFEGGL----- 
1_Ajellomyces_dermatitidis_SLH      QRQLGDVVVLPITSFSPGVRQMGAKD---PDDPMAFVKHEFEGTWKPEQE 
1_Paracoccidioides_brasiliensi      HRQLGDVVVLPITSFSPGIGHMGAGD---ADDPMAFVKHQFSGSWKAEEA 
2_Paracoccidioides_brasiliensi      HRQLGDVVVLPITSFSPGIGHMGAGD---ADDPMAFVKHQFSGSWKAEEA 
3_Paracoccidioides_brasiliensi      HRQLGDVVVLPITSFSPGVGHMGAGG---ADDPMAFVKHHFSGSWKSEEA 
Penicillium_marneffei_ATCC_182      QKKIGDVAVLPITSFSPGVDQMGAKG---LDDPLAFVSHRFEGSWKPQNE 
Talaromyces_stipitatus_ATCC_10      QKKVGDVAVLPITSFSPGVGQMGAQG---PEDPLAFVSHLFEGSWKPESE 
Pyrenophora_tritici-repentis_P      PKKVGDVIVLPITSFSPGVKTMGAGE---DDDPMAFVKHNFEGTWKPESL 
Pyrenophora_teres_f._teres_0-1      PKKVGDVIVLPITSFSPGVKTMGAGE---DDDPMAFVKHKFEGTWKPESL 
Leptosphaeria_maculans              PKKVGDVIVLPITSFSPGIKTMGAGE---PDDPMAFVHHKFEGTWKPENE 
Phaeosphaeria_nodorum_SN15          PKKVGDVIVLPITSFSPGIKTMGAGE---EDDPMAFVKHQFEGTWKPESE 
Tuber_melanosporum_Mel28            PKKVGDVVVLPITSFSPGIGHSGAKD---EDHPMAFVKHEFEGSWKPESE 
Sclerotinia_sclerotiorum_1980       AKKVGDVVVLPITSFSPGVQQMGSKD---YDDPMAFVKHEFEGTWKPENE 
Botryotinia_fuckeliana_B05.10       AKKVGDVVVLPITSFSPGVGQMNAND---YDDPMAFVKHDFEGSWKPENE 
bgh02742                            PKIIGDVVVLPITSFSPGIHQMGAGE---YDDSSALVKHGFEGTWKPEDE 
1_Glomerella_graminicola_M1.00      SKKVGDVVVLPITSFSPGVQQMGAKD---YDDPMAFVKHDFEGTWKPEEL 
Magnaporthe_oryzae_70-15            PKRVGDVIVLPITSFSPGVQQMGAKD---YDDPMAFVKHDFEGTWKPENL 
Verticillium_albo-atrum_VaMs.1      SKKVGDVVVLPITSFSPGVQQMGAKD---DDDPMAFVKHEFEGTWKPEAL 
Grosmannia_clavigera_kw1407         PKRVGDVIVLPITSFSPGVEQMGAKD---YDDPMAFVKHDFEGECVCVCV 
Neurospora_crassa_OR74A             SKRVGDVVVLPITSFSPGVGQMGAKE---YDDPMAFVKHDFEGTWKPESE 
Sordaria_macrospora                 SKRVGDVVVLPITSFSPGVGQMGAKD---YDDPMAFVKHDFEGTWKPESE 
Chaetomium_globosum_CBS_148.51      SRRVGDVIVLPITSFSPGVQQMGAKD---YDDPMAFVKHDFEGMGSFAFS 
Podospora_anserina_S_mat+           ARRVGDVIVLPITSFSPGVQQMGAKD---YDDPMAFVKHDFEGMSCFPAT 
Gibberella_zeae_PH-1                SKRVGDVVVLPITSFSPGVGQMGSKE---PDDPMAYVKHDFEGTWKPESE 
1_Nectria_haematococca_mpVI_77      SKRVGDVVVLPITSFSPGVGQMGAKE---PDDPMAFVKHDFEGTWKPESE 
Metarhizium_anisopliae_ARSEF_2      SKRVGDVIVLPITSFSPGVEQMGSKD---YDDPMAFVKHDFEGT------ 
Metarhizium_acridum_CQMa_102        SKRVGDVIVLPITSFSPGVEQMGSKD---YDDPMAFVKHDFEGM------ 
Yarrowia_lipolytica                 PKHVSDVLVLPVTSFSPGVDQFGAKD---TDDPLAFVKHLFSGSWKPEDE 
Schizosaccharomyces_pombe_972h      PYLVGDVLILPITAFSPGVGHMGSKS---PNDPMAYVQHFFAGSWKDD-- 
Schizosaccharomyces_japonicus_      PMLVGDVLVLPITAFSPGVGHMNSKS---FDHPSALVRHHFSGSWKATTH 
2_Glomerella_graminicola_M1.00      SKVVSNILVRDVESFAAGQGHSDSGN---HNSRGALVKHHYHASNWPSRH 
2_Nectria_haematococca_mpVI_77      SKIVGRVLVLDVEAFCAGQGHSDSGN---HDSRGALVKHHYHASNWPSKH 
3_Pichia_angusta                    PVMIDDVVIYPRASFREDKENNCGKY--------CYVHHHFGGSWKNNGK 
                                       :  :      .*                       *            
 
1_Pichia_angusta                    -------------------------------------------------- 
2_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Scheffersomyces_stipitis_CBS      -------------------------------------------------- 
2_Debaryomyces_hansenii_CBS767      -------------------------------------------------- 
3_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
4_Meyerozyma_guilliermondii_AT      -------------------------------------------------- 
2_Clavispora_lusitaniae_ATCC_4      -------------------------------------------------- 
1_Candida_albicans_SC5314           -------------------------------------------------- 
2_Candida_dubliniensis_CD36         -------------------------------------------------- 
2_Candida_tropicalis_MYA-3404       -------------------------------------------------- 
2_Lodderomyces_elongisporus_NR      -------------------------------------------------- 
1_Lachancea_thermotolerans          VAGDN--------------------------------------------- 
1_Kluyveromyces_lactis_NRRL_Y-      LRGYK--------------------------------------------- 
1_Ashbya_gossypii_ATCC_10895        -------------------------------------------------- 
1_Zygosaccharomyces_rouxii          LEN----------------------------------------------- 
1_Vanderwaltozyma_polyspora_DS      GK------------------------------------------------ 
2_Saccharomyces_cerevisiae_S28      VEQK---------------------------------------------- 
4_Saccharomyces_cerevisiae_AWR      VEQK---------------------------------------------- 
3_Saccharomyces_cerevisiae_EC1      VEQK---------------------------------------------- 
5_Saccharomyces_cerevisiae_Lal      VEQK---------------------------------------------- 
6_Saccharomyces_cerevisiae_YJM      VEQK---------------------------------------------- 
Saccharomyces_cerevisiae            EEQK---------------------------------------------- 
7_Saccharomyces_cerevisiae_Vin      VEQK---------------------------------------------- 
1_Candida_glabrata_CBS_138          VAS----------------------------------------------- 
3_Vanderwaltozyma_polyspora_DS      L------------------------------------------------- 
1_Meyerozyma_guilliermondii_AT      R------------------------------------------------- 
1_Debaryomyces_hansenii_CBS767      KIINT--------------------------------------------- 
1_Scheffersomyces_stipitis_CBS      TKPNVN-------------------------------------------- 
1_Clavispora_lusitaniae_ATCC_4      SE------------------------------------------------ 
2_Candida_albicans_SC5314           PEMEQ--------------------------------------------- 
1_Candida_dubliniensis_CD36         PEMQ---------------------------------------------- 
1_Candida_tropicalis_MYA-3404       PEMED--------------------------------------------- 
1_Lodderomyces_elongisporus_NR      AN------------------------------------------------ 
Pichia_minuta_var._minuta           KM------------------------------------------------ 
2_Pichia_angusta                    -------------------------------------------------- 
1_Pichia_pastoris_GS115             -------------------------------------------------- 
2_Kluyveromyces_lactis_NRRL_Y-      -------------------------------------------------- 
2_Ashbya_gossypii_ATCC_10895        KHDDDAGEGDKASEHAEK-------------------------------- 
1_Saccharomyces_cerevisiae_S28      KNAGHK-------------------------------------------- 
8_Saccharomyces_cerevisiae_Fos      KNAGHK-------------------------------------------- 
2_Vanderwaltozyma_polyspora_DS      KNAGH--------------------------------------------- 
2_Zygosaccharomyces_rouxii          HD------------------------------------------------ 
2_Candida_glabrata_CBS_138          GH------------------------------------------------ 
2_Lachancea_thermotolerans          PSSKGQRQQE---------------------------------------- 
1_Coccidioides_posadasii_str._      -AWKTPKA------------------------------------------ 
Coccidioides_immitis_RS             GAWKTPKA------------------------------------------ 
Uncinocarpus_reesii_1704            FRDSDRLSERYPLIPSSFCIDLSGESMLSTFREFYFVFPFFPAQRKGKNW 
Arthroderma_benhamiae_CBS_1123      -------------------------------------------------- 
Trichophyton_verrucosum_HKI_05      -------------------------------------------------- 
Arthroderma_gypseum_CBS_118893      FGGRCFINAGRDGNVDVAGDVVKLCA------------------------ 
Arthroderma_otae_CBS_113480         RRIGHW-------------------------------------------- 
1_Aspergillus_fumigatus_A1163       GSLNVDCMASSCHWLQPPLPETCQACGQADLDPGSLARANLALKRQDPYL 
2_Aspergillus_fumigatus_Af293       GSLNVDCMASSCHWLQPPLPETCQACGQADLDPGTLARANLAPKRQDPYL 
Neosartorya_fischeri_NRRL_181       L------------------------------------------------- 
Aspergillus_clavatus_NRRL_1         L------------------------------------------------- 
Aspergillus_oryzae_RIB40            L------------------------------------------------- 
Aspergillus_flavus_NRRL3357         -------------------------------------------------- 
Aspergillus_terreus_NIH2624         L------------------------------------------------- 
Aspergillus_niger_CBS_513.88        L------------------------------------------------- 
Aspergillus_nidulans_FGSC_A4        L------------------------------------------------- 
Penicillium_chrysogenum_Wiscon      L------------------------------------------------- 
1_Ajellomyces_capsulatus_H88        EDEDKELHQNAADIIAQSALDIIRRTKNGQRKTE---------------- 
3_Ajellomyces_capsulatus_H143       EDEDKELHQNAADIIAQSALDIIRRTKNGQRKTE---------------- 
2_Ajellomyces_capsulatus_G186A      -------------------------------------------------- 
1_Ajellomyces_dermatitidis_SLH      RFIGHQIAVPTTTTTTIATPEIQN-------------------------- 
1_Paracoccidioides_brasiliensi      GRPAPVILEE---------------------------------------- 
2_Paracoccidioides_brasiliensi      GRPAPVILEE---------------------------------------- 
3_Paracoccidioides_brasiliensi      GRPAPVVLEE---------------------------------------- 
Penicillium_marneffei_ATCC_182      RIY----------------------------------------------- 
Talaromyces_stipitatus_ATCC_10      RIS----------------------------------------------- 
Pyrenophora_tritici-repentis_P      RHIGEIS------------------------------------------- 
Pyrenophora_teres_f._teres_0-1      RHIGEIS------------------------------------------- 
Leptosphaeria_maculans              RHIGKIFN------------------------------------------ 
Phaeosphaeria_nodorum_SN15          RHIGEIFNSA---------------------------------------- 
Tuber_melanosporum_Mel28            RVVVPAEEAAGQQ------------------------------------- 
Sclerotinia_sclerotiorum_1980       RHIGIVTR------------------------------------------ 
Botryotinia_fuckeliana_B05.10       RHVGAN-------------------------------------------- 
bgh02742                            RHIGIIIE------------------------------------------ 
1_Glomerella_graminicola_M1.00      RHIGEQTEES---------------------------------------- 
Magnaporthe_oryzae_70-15            RHIGEQKEEGQK-------------------------------------- 
Verticillium_albo-atrum_VaMs.1      RHIGENND------------------------------------------ 
Grosmannia_clavigera_kw1407         FVFTLLTEQARGSQRASVTLESCRSEATTRARGPDGPHFIICTRLFNCIS 
Neurospora_crassa_OR74A             RHIGENK------------------------------------------- 
Sordaria_macrospora                 RHIGENK------------------------------------------- 
Chaetomium_globosum_CBS_148.51      I------------------------------------------------- 
Podospora_anserina_S_mat+           STKSWLKLTNDVTGTWKPESERHIGEQ----------------------- 
Gibberella_zeae_PH-1                RHMGEQKQEEGQQAPLQQEGQPQQGQPQQGQPQQGQPQQGQPQQGQPQQG 
1_Nectria_haematococca_mpVI_77      RHMGEQKEDGGEQQPQQQQQQAPAQ------------------------- 
Metarhizium_anisopliae_ARSEF_2      -------------------------------------------------- 
Metarhizium_acridum_CQMa_102        -------------------------------------------------- 
Yarrowia_lipolytica                 RMNQNQPQVNQ--------------------------------------- 
Schizosaccharomyces_pombe_972h      -------------------------------------------------- 
Schizosaccharomyces_japonicus_      ENKGH--------------------------------------------- 
2_Glomerella_graminicola_M1.00      PRFRHPIFGEVERCNWNIECVMKWDQDIAAFNSLPPEEQKQEIEKHDNLQ 
2_Nectria_haematococca_mpVI_77      PRYSHPVYGQVEDCNWNAECVRLWDENVAEYNKLTEEEKKTKLDEAKKGG 
3_Pichia_angusta                    GEIKPGMEGYEGEDPNEVEELRKNDVSKRDVIPGESKDVAPVKKLAKRCA 
                                                                                       
 
1_Pichia_angusta                    ------------------------------------------------ 
2_Pichia_pastoris_GS115             ------------------------------------------------ 
2_Scheffersomyces_stipitis_CBS      ------------------------------------------------ 
2_Debaryomyces_hansenii_CBS767      ------------------------------------------------ 
3_Meyerozyma_guilliermondii_AT      ------------------------------------------------ 
4_Meyerozyma_guilliermondii_AT      ------------------------------------------------ 
2_Clavispora_lusitaniae_ATCC_4      ------------------------------------------------ 
1_Candida_albicans_SC5314           ------------------------------------------------ 
2_Candida_dubliniensis_CD36         ------------------------------------------------ 
2_Candida_tropicalis_MYA-3404       ------------------------------------------------ 
2_Lodderomyces_elongisporus_NR      ------------------------------------------------ 
1_Lachancea_thermotolerans          ------------------------------------------------ 
1_Kluyveromyces_lactis_NRRL_Y-      ------------------------------------------------ 
1_Ashbya_gossypii_ATCC_10895        ------------------------------------------------ 
1_Zygosaccharomyces_rouxii          ------------------------------------------------ 
1_Vanderwaltozyma_polyspora_DS      ------------------------------------------------ 
2_Saccharomyces_cerevisiae_S28      ------------------------------------------------ 
4_Saccharomyces_cerevisiae_AWR      ------------------------------------------------ 
3_Saccharomyces_cerevisiae_EC1      ------------------------------------------------ 
5_Saccharomyces_cerevisiae_Lal      ------------------------------------------------ 
6_Saccharomyces_cerevisiae_YJM      ------------------------------------------------ 
Saccharomyces_cerevisiae            ------------------------------------------------ 
7_Saccharomyces_cerevisiae_Vin      ------------------------------------------------ 
1_Candida_glabrata_CBS_138          ------------------------------------------------ 
3_Vanderwaltozyma_polyspora_DS      ------------------------------------------------ 
1_Meyerozyma_guilliermondii_AT      ------------------------------------------------ 
1_Debaryomyces_hansenii_CBS767      ------------------------------------------------ 
1_Scheffersomyces_stipitis_CBS      ------------------------------------------------ 
1_Clavispora_lusitaniae_ATCC_4      ------------------------------------------------ 
2_Candida_albicans_SC5314           ------------------------------------------------ 
1_Candida_dubliniensis_CD36         ------------------------------------------------ 
1_Candida_tropicalis_MYA-3404       ------------------------------------------------ 
1_Lodderomyces_elongisporus_NR      ------------------------------------------------ 
Pichia_minuta_var._minuta           ------------------------------------------------ 
2_Pichia_angusta                    ------------------------------------------------ 
1_Pichia_pastoris_GS115             ------------------------------------------------ 
2_Kluyveromyces_lactis_NRRL_Y-      ------------------------------------------------ 
2_Ashbya_gossypii_ATCC_10895        ------------------------------------------------ 
1_Saccharomyces_cerevisiae_S28      ------------------------------------------------ 
8_Saccharomyces_cerevisiae_Fos      ------------------------------------------------ 
2_Vanderwaltozyma_polyspora_DS      ------------------------------------------------ 
2_Zygosaccharomyces_rouxii          ------------------------------------------------ 
2_Candida_glabrata_CBS_138          ------------------------------------------------ 
2_Lachancea_thermotolerans          ------------------------------------------------ 
1_Coccidioides_posadasii_str._      ------------------------------------------------ 
Coccidioides_immitis_RS             ------------------------------------------------ 
Uncinocarpus_reesii_1704            STFKEF------------------------------------------ 
Arthroderma_benhamiae_CBS_1123      ------------------------------------------------ 
Trichophyton_verrucosum_HKI_05      ------------------------------------------------ 
Arthroderma_gypseum_CBS_118893      ------------------------------------------------ 
Arthroderma_otae_CBS_113480         ------------------------------------------------ 
1_Aspergillus_fumigatus_A1163       PCAGPGVTSIPTKDQVH------------------------------- 
2_Aspergillus_fumigatus_Af293       PCAGPGVTSIPTKDQVH------------------------------- 
Neosartorya_fischeri_NRRL_181       ------------------------------------------------ 
Aspergillus_clavatus_NRRL_1         ------------------------------------------------ 
Aspergillus_oryzae_RIB40            ------------------------------------------------ 
Aspergillus_flavus_NRRL3357         ------------------------------------------------ 
Aspergillus_terreus_NIH2624         ------------------------------------------------ 
Aspergillus_niger_CBS_513.88        ------------------------------------------------ 
Aspergillus_nidulans_FGSC_A4        ------------------------------------------------ 
Penicillium_chrysogenum_Wiscon      ------------------------------------------------ 
1_Ajellomyces_capsulatus_H88        ------------------------------------------------ 
3_Ajellomyces_capsulatus_H143       ------------------------------------------------ 
2_Ajellomyces_capsulatus_G186A      ------------------------------------------------ 
1_Ajellomyces_dermatitidis_SLH      ------------------------------------------------ 
1_Paracoccidioides_brasiliensi      ------------------------------------------------ 
2_Paracoccidioides_brasiliensi      ------------------------------------------------ 
3_Paracoccidioides_brasiliensi      ------------------------------------------------ 
Penicillium_marneffei_ATCC_182      ------------------------------------------------ 
Talaromyces_stipitatus_ATCC_10      ------------------------------------------------ 
Pyrenophora_tritici-repentis_P      ------------------------------------------------ 
Pyrenophora_teres_f._teres_0-1      ------------------------------------------------ 
Leptosphaeria_maculans              ------------------------------------------------ 
Phaeosphaeria_nodorum_SN15          ------------------------------------------------ 
Tuber_melanosporum_Mel28            ------------------------------------------------ 
Sclerotinia_sclerotiorum_1980       ------------------------------------------------ 
Botryotinia_fuckeliana_B05.10       ------------------------------------------------ 
bgh02742                            ------------------------------------------------ 
1_Glomerella_graminicola_M1.00      ------------------------------------------------ 
Magnaporthe_oryzae_70-15            ------------------------------------------------ 
Verticillium_albo-atrum_VaMs.1      ------------------------------------------------ 
Grosmannia_clavigera_kw1407         MAYSDGWRTQKQVPGT-------------------------------- 
Neurospora_crassa_OR74A             ------------------------------------------------ 
Sordaria_macrospora                 ------------------------------------------------ 
Chaetomium_globosum_CBS_148.51      ------------------------------------------------ 
Podospora_anserina_S_mat+           ------------------------------------------------ 
Gibberella_zeae_PH-1                QPQQGQPQQGQPQQGQPQQGQPQQGQPQQGQPQQGQPQQQQQPPPAQQ 
1_Nectria_haematococca_mpVI_77      ------------------------------------------------ 
Metarhizium_anisopliae_ARSEF_2      ------------------------------------------------ 
Metarhizium_acridum_CQMa_102        ------------------------------------------------ 
Yarrowia_lipolytica                 ------------------------------------------------ 
Schizosaccharomyces_pombe_972h      ------------------------------------------------ 
Schizosaccharomyces_japonicus_      ------------------------------------------------ 
2_Glomerella_graminicola_M1.00      RLQTQQAEQKAEEQKDAANMALHIPPQQPLQALAQQPALQEELRLK-- 
2_Nectria_haematococca_mpVI_77      E----------------------------------------------- 
3_Pichia_angusta                    YPYTPY------------------------------------------ 
                                                                                     
 
 
NCBI Generated Lineage Report for EST D00881 
Ascomycota      [ascomycetes] 
. saccharomyceta  [ascomycetes] 
. . Pezizomycotina  [ascomycetes] 
. . . leotiomyceta    [ascomycetes] 
. . . . sordariomyceta  [ascomycetes] 
. . . . . Sclerotiniaceae [ascomycetes] 
. . . . . . Sclerotinia sclerotiorum 1980 UF-70 ------------  509 2 hits [ascomycetes]  hypothetical protein SS1G_03158 [Sclerotinia sclerotiorum 1 
. . . . . . Botryotinia fuckeliana B05.10 ..................  493 2 hits [ascomycetes]  hypothetical protein BC1G_07558 [Botryotinia fuckeliana B05 
. . . . . Neurospora crassa OR74A --------------------------  471 2 hits [ascomycetes]  hypothetical protein NCU00609 [Neurospora crassa OR74A] >gi 
. . . . . Glomerella graminicola M1.001 ....................  466 2 hits [ascomycetes]  glycosyltransferase sugar-binding region containing DXD dom 
. . . . . Sordaria macrospora ..............................  464 1 hit  [ascomycetes]  unnamed protein product [Sordaria macrospora] 
. . . . . Chaetomium globosum CBS 148.51 ...................  460 2 hits [ascomycetes]  hypothetical protein CHGG_06214 [Chaetomium globosum CBS 14 
. . . . . Podospora anserina S mat+ ........................  460 2 hits [ascomycetes]  hypothetical protein [Podospora anserina S mat+] >gi|170941 
. . . . . Magnaporthe oryzae 70-15 .........................  460 4 hits [ascomycetes]  hypothetical protein MGG_02859 [Magnaporthe oryzae 70-15] > 
. . . . . Grosmannia clavigera kw1407 ......................  441 1 hit  [ascomycetes]  alpha-mannosyltransferase [Grosmannia clavigera kw1407] 
. . . . . Gibberella zeae PH-1 .............................  428 1 hit  [ascomycetes]  hypothetical protein FG09425.1 [Gibberella zeae PH-1] 
. . . . . Metarhizium anisopliae ARSEF 23 ..................  425 1 hit  [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Metarhiz 
. . . . . Nectria haematococca mpVI 77-13-4 ................  422 4 hits [ascomycetes]  hypothetical protein NECHADRAFT_105919 [Nectria haematococc 
. . . . . Metarhizium acridum CQMa 102 .....................  415 1 hit  [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Metarhiz 
. . . . . Verticillium albo-atrum VaMs.102 .................  310 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Verticil 
. . . . Phaeosphaeria nodorum SN15 -------------------------  457 2 hits [ascomycetes]  hypothetical protein SNOG_02920 [Phaeosphaeria nodorum SN15 
. . . . Pyrenophora tritici-repentis Pt-1C-BFP .............  447 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Pyrenoph 
. . . . Leptosphaeria maculans (blackleg of crucifers ...) .  447 1 hit  [ascomycetes]  hypothetical protein [Leptosphaeria maculans] 
. . . . Pyrenophora teres f. teres 0-1 .....................  444 1 hit  [ascomycetes]  hypothetical protein PTT_09202 [Pyrenophora teres f. teres  
. . . . Coccidioides posadasii str. Silveira ...............  404 1 hit  [ascomycetes]  hypothetical protein CPSG_07345 [Coccidioides posadasii str 
. . . . Coccidioides posadasii C735 delta SOWgp ............  401 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase, putative 
. . . . Coccidioides immitis RS ............................  400 1 hit  [ascomycetes]  hypothetical protein CIMG_06774 [Coccidioides immitis RS] 
. . . . Ajellomyces dermatitidis SLH14081 ..................  399 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit [Ajellomyces dermatit 
. . . . Ajellomyces dermatitidis ER-3 ......................  399 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit [Ajellomyces dermatit 
. . . . Ajellomyces capsulatus H88 .........................  394 1 hit  [ascomycetes]  alpha 1,6 mannosyltransferase [Ajellomyces capsulatus H88] 
. . . . Coccidioides posadasii .............................  387 1 hit  [ascomycetes]  mannosyltransferase-like protein [Coccidioides posadasii] 
. . . . Uncinocarpus reesii 1704 ...........................  386 2 hits [ascomycetes]  conserved hypothetical protein [Uncinocarpus reesii 1704] > 
. . . . Aspergillus terreus NIH2624 ........................  386 2 hits [ascomycetes]  hypothetical protein ATEG_05779 [Aspergillus terreus NIH262 
. . . . Aspergillus niger CBS 513.88 .......................  384 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1) [Aspergillus n 
. . . . Aspergillus niger ..................................  384 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1) [Aspergillus n 
. . . . Ajellomyces capsulatus G186AR ......................  381 1 hit  [ascomycetes]  alpha 1,6 mannosyltransferase [Ajellomyces capsulatus G186A 
. . . . Paracoccidioides brasiliensis Pb18 .................  380 1 hit  [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Paracocc 
. . . . Aspergillus fumigatus A1163 ........................  380 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Asp 
. . . . Neosartorya fischeri NRRL 181 ......................  380 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Neo 
. . . . Aspergillus fumigatus Af293 ........................  380 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1) [Aspergillus f 
. . . . Paracoccidioides brasiliensis Pb03 .................  380 1 hit  [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Paracocc 
. . . . Arthroderma otae CBS 113480 ........................  379 2 hits [ascomycetes]  alpha 1,6 mannosyltransferase [Arthroderma otae CBS 113480] 
. . . . Aspergillus clavatus NRRL 1 ........................  378 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Asp 
. . . . Penicillium marneffei ATCC 18224 ...................  376 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Pen 
. . . . Aspergillus oryzae RIB40 ...........................  375 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1) [Aspergillus o 
. . . . Talaromyces stipitatus ATCC 10500 ..................  372 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Tal 
. . . . Aspergillus nidulans FGSC A4 .......................  371 3 hits [ascomycetes]  hypothetical protein AN4716.2 [Aspergillus nidulans FGSC A4 
. . . . Aspergillus flavus NRRL3357 ........................  370 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Asp 
. . . . Aspergillus oryzae .................................  370 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase subunit (Och1), putative [Asp 
. . . . Paracoccidioides brasiliensis Pb01 .................  370 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Paracocc 
. . . . Penicillium chrysogenum Wisconsin 54-1255 ..........  368 2 hits [ascomycetes]  Pc22g16540 [Penicillium chrysogenum Wisconsin 54-1255] >gi| 
. . . . Arthroderma benhamiae CBS 112371 ...................  361 2 hits [ascomycetes]  glycosyl transferase, putative [Arthroderma benhamiae CBS 1 
. . . . Trichophyton verrucosum HKI 0517 ...................  360 2 hits [ascomycetes]  glycosyl transferase, putative [Trichophyton verrucosum HKI 
. . . . Ajellomyces capsulatus H143 ........................  349 1 hit  [ascomycetes]  alpha 1,6 mannosyltransferase [Ajellomyces capsulatus H143] 
. . . . Arthroderma gypseum CBS 118893 .....................  339 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Arthrode 
. . . Tuber melanosporum Mel28 -----------------------------  433 1 hit  [ascomycetes]  hypothetical protein [Tuber melanosporum Mel28] >gi|2956315 
. . . Tuber melanosporum (French truffle) ..................  433 1 hit  [ascomycetes]  hypothetical protein [Tuber melanosporum Mel28] >gi|2956315 
. . Yarrowia lipolytica CLIB122 ----------------------------  331 1 hit  [ascomycetes]  YALI0F07260p [Yarrowia lipolytica] >gi|38488500|emb|CAD9164 
. . Yarrowia lipolytica ....................................  331 2 hits [ascomycetes]  YALI0F07260p [Yarrowia lipolytica] >gi|38488500|emb|CAD9164 
. . Meyerozyma guilliermondii ATCC 6260 ....................  300 4 hits [ascomycetes]  hypothetical protein PGUG_05622 [Pichia guilliermondii ATCC 
. . Pichia angusta .........................................  294 3 hits [ascomycetes]  putative mannosyltransferase [Pichia angusta] >gi|320581231 
. . Pichia angusta DL-1 ....................................  294 3 hits [ascomycetes]  putative mannosyltransferase [Pichia angusta] >gi|320581231 
. . Debaryomyces hansenii CBS767 ...........................  291 2 hits [ascomycetes]  DEHA2C13508p [Debaryomyces hansenii CBS767] >gi|199430804|e 
. . Debaryomyces hansenii ..................................  291 2 hits [ascomycetes]  DEHA2C13508p [Debaryomyces hansenii CBS767] >gi|199430804|e 
. . Scheffersomyces stipitis CBS 6054 ......................  288 4 hits [ascomycetes]  membrane-bound alpha-1,6- mannosyltransferase Initiation-sp 
. . Candida albicans .......................................  284 1 hit  [ascomycetes]  putative mannosyltransferase [Candida albicans] 
. . Candida albicans SC5314 ................................  284 6 hits [ascomycetes]  mannosyltransferase Och1p [Candida albicans SC5314] >gi|464 
. . Candida albicans WO-1 ..................................  284 1 hit  [ascomycetes]  mannosyltransferase Och1p [Candida albicans SC5314] >gi|464 
. . Candida dubliniensis CD36 ..............................  283 4 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase, putative 
. . Candida tropicalis MYA-3404 ............................  281 4 hits [ascomycetes]  hypothetical protein CTRG_02254 [Candida tropicalis MYA-340 
. . Clavispora lusitaniae ATCC 42720 .......................  276 4 hits [ascomycetes]  hypothetical protein CLUG_01658 [Clavispora lusitaniae ATCC 
. . Pichia pastoris GS115 ..................................  273 4 hits [ascomycetes]  Mannosyltransferase of the cis-Golgi apparatus [Pichia past 
. . Pichia minuta var. minuta ..............................  270 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase [Pichia minuta var. minuta] 
. . Ashbya gossypii ATCC 10895 .............................  264 4 hits [ascomycetes]  AFR435Wp [Ashbya gossypii ATCC 10895] >gi|44985028|gb|AAS53 
. . Lachancea thermotolerans CBS 6340 ......................  263 2 hits [ascomycetes]  KLTH0B01034p [Lachancea thermotolerans] >gi|238933214|emb|C 
. . Lachancea thermotolerans ...............................  263 2 hits [ascomycetes]  KLTH0B01034p [Lachancea thermotolerans] >gi|238933214|emb|C 
. . Lodderomyces elongisporus NRRL YB-4239 .................  258 4 hits [ascomycetes]  hypothetical protein LELG_02734 [Lodderomyces elongisporus  
. . Zygosaccharomyces rouxii CBS 732 .......................  258 2 hits [ascomycetes]  ZYRO0G02310p [Zygosaccharomyces rouxii] >gi|238940998|emb|C 
. . Zygosaccharomyces rouxii ...............................  258 2 hits [ascomycetes]  ZYRO0G02310p [Zygosaccharomyces rouxii] >gi|238940998|emb|C 
. . Vanderwaltozyma polyspora DSM 70294 ....................  257 6 hits [ascomycetes]  hypothetical protein Kpol_1018p186 [Vanderwaltozyma polyspo 
. . Kluyveromyces lactis NRRL Y-1140 .......................  248 2 hits [ascomycetes]  hypothetical protein [Kluyveromyces lactis NRRL Y-1140] >gi 
. . Kluyveromyces lactis ...................................  248 3 hits [ascomycetes]  hypothetical protein [Kluyveromyces lactis NRRL Y-1140] >gi 
. . Candida glabrata CBS 138 ...............................  243 2 hits [ascomycetes]  hypothetical protein [Candida glabrata CBS 138] >gi|4952529 
. . Candida glabrata .......................................  243 2 hits [ascomycetes]  hypothetical protein [Candida glabrata CBS 138] >gi|4952529 
. . Saccharomyces cerevisiae S288c .........................  241 4 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae (yeast) .......................  241 9 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae YJM789 ........................  241 2 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae RM11-1a .......................  241 2 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae AWRI1631 ......................  241 1 hit  [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae JAY291 ........................  241 2 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae EC1118 ........................  241 2 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae Vin13 .........................  241 2 hits [ascomycetes]  Och1p [Saccharomyces cerevisiae S288c] >gi|400663|sp|P31755 
. . Saccharomyces cerevisiae FostersB ......................  239 1 hit  [ascomycetes]  Hoc1p [Saccharomyces cerevisiae S288c] >gi|1352891|sp|P4712 
. . Saccharomyces cerevisiae AWRI796 .......................  238 1 hit  [ascomycetes]  Hoc1p [Saccharomyces cerevisiae AWRI796] 
. . Saccharomyces cerevisiae Lalvin QA23 ...................  238 1 hit  [ascomycetes]  Hoc1p [Saccharomyces cerevisiae Lalvin QA23] 
. . Saccharomyces cerevisiae FostersO ......................  179 1 hit  [ascomycetes]  Och1p [Saccharomyces cerevisiae FostersO] >gi|323354952|gb| 
. . Saccharomyces cerevisiae VL3 ...........................  179 1 hit  [ascomycetes]  Och1p [Saccharomyces cerevisiae FostersO] >gi|323354952|gb| 
. Schizosaccharomyces pombe 972h- --------------------------  241 1 hit  [ascomycetes]  alpha-1,6-mannosyltransferase Och1 [Schizosaccharomyces pom 
. Schizosaccharomyces pombe ................................  241 2 hits [ascomycetes]  alpha-1,6-mannosyltransferase Och1 [Schizosaccharomyces pom 
. Schizosaccharomyces japonicus yFS275 .....................  228 2 hits [ascomycetes]  initiation-specific alpha-1,6-mannosyltransferase [Schizosa 
 
Organism Report  
  Sclerotinia sclerotiorum 1980 UF-70 [ascomycetes] taxid 665079 
 ref|XP_001595070.1| hypothetical protein SS1G_03158 [Scler...     509  2e-142 
 gb|EDO00685.1| hypothetical protein SS1G_03158 [Sclerotini...     509  2e-142 
 
  Botryotinia fuckeliana B05.10 [ascomycetes] taxid 332648 
 ref|XP_001553998.1| hypothetical protein BC1G_07558 [Botry...     493  1e-137 
 gb|EDN27574.1| hypothetical protein BC1G_07558 [Botryotini...     493  1e-137 
 
  Neurospora crassa OR74A [ascomycetes] taxid 367110 
 ref|XP_965749.1| hypothetical protein NCU00609 [Neurospora...     471  5e-131 
 gb|EAA36513.1| hypothetical protein NCU00609 [Neurospora c...     471  5e-131 
 
  Glomerella graminicola M1.001 [ascomycetes] taxid 645133 
 gb|EFQ32634.1| glycosyltransferase sugar-binding region co...     466  2e-129 
 gb|EFQ36329.1| glycosyltransferase sugar-binding region co...     162  8e-38 
 
  Sordaria macrospora [ascomycetes] taxid 5147 
 emb|CBI51218.1| unnamed protein product [Sordaria macrospora]     464  9e-129 
 
  Chaetomium globosum CBS 148.51 [ascomycetes] taxid 306901 
 ref|XP_001222309.1| hypothetical protein CHGG_06214 [Chaet...     460  1e-127 
 gb|EAQ89595.1| hypothetical protein CHGG_06214 [Chaetomium...     460  1e-127 
 
  Podospora anserina S mat+ [ascomycetes] taxid 515849 
 ref|XP_001906906.1| hypothetical protein [Podospora anseri...     460  2e-127 
 emb|CAP67577.1| unnamed protein product [Podospora anserin...     460  2e-127 
   Magnaporthe oryzae 70-15 [ascomycetes] taxid 242507 
 ref|XP_366783.1| hypothetical protein MGG_02859 [Magnaport...     460  2e-127 
 ref|XP_001522514.1| hypothetical protein MGCH7_ch7g617 [Ma...     460  2e-127 
 gb|EAQ71210.1| hypothetical protein MGCH7_ch7g617 [Magnapo...     460  2e-127 
 gb|EDK01686.1| hypothetical protein MGG_02859 [Magnaporthe...     460  2e-127 
 
  Phaeosphaeria nodorum SN15 [ascomycetes] taxid 321614 
 ref|XP_001793513.1| hypothetical protein SNOG_02920 [Phaeo...     457  1e-126 
 gb|EAT89651.1| hypothetical protein SNOG_02920 [Phaeosphae...     457  1e-126 
 
  Pyrenophora tritici-repentis Pt-1C-BFP [ascomycetes] taxid 426418 
 ref|XP_001932497.1| initiation-specific alpha-1,6-mannosyl...     447  1e-123 
 gb|EDU41602.1| initiation-specific alpha-1,6-mannosyltrans...     447  1e-123 
 
  Leptosphaeria maculans (blackleg of crucifers fungus, ...) [ascomycetes] taxid 5022 
 emb|CBY02465.1| hypothetical protein [Leptosphaeria maculans]     447  1e-123 
 
  Pyrenophora teres f. teres 0-1 [ascomycetes] taxid 861557 
 gb|EFQ93438.1| hypothetical protein PTT_09202 [Pyrenophora...     444  8e-123 
 
  Grosmannia clavigera kw1407 [ascomycetes] taxid 655863 
 gb|EFX02215.1| alpha-mannosyltransferase [Grosmannia clavi...     441  8e-122 
 
  Tuber melanosporum Mel28 [ascomycetes] taxid 656061 
 ref|XP_002836737.1| hypothetical protein [Tuber melanospor...     433  2e-119 
 
  Tuber melanosporum (French truffle, ...) [ascomycetes] taxid 39416 
 emb|CAZ80928.1| unnamed protein product [Tuber melanosporum]      433  2e-119 
 
  Gibberella zeae PH-1 [ascomycetes] taxid 229533 
 ref|XP_389601.1| hypothetical protein FG09425.1 [Gibberell...     428  7e-118 
 
  Metarhizium anisopliae ARSEF 23 [ascomycetes] taxid 655844 
 gb|EFY96151.1| initiation-specific alpha-1,6-mannosyltrans...     425  6e-117 
 
  Nectria haematococca mpVI 77-13-4 [ascomycetes] taxid 660122 
 ref|XP_003046725.1| hypothetical protein NECHADRAFT_105919...     422  5e-116 
 gb|EEU41012.1| hypothetical protein NECHADRAFT_105919 [Nec...     422  5e-116 
 ref|XP_003044737.1| glycosyltransferase family 32 [Nectria...     157  3e-36 
 gb|EEU39024.1| glycosyltransferase family 32 [Nectria haem...     157  3e-36 
 
  Metarhizium acridum CQMa 102 [ascomycetes] taxid 655827 
 gb|EFY85478.1| initiation-specific alpha-1,6-mannosyltrans...     415  5e-114 
 
  Coccidioides posadasii str. Silveira [ascomycetes] taxid 443226 
 gb|EFW16295.1| hypothetical protein CPSG_07345 [Coccidioid...     404  1e-110 
 
  Coccidioides posadasii C735 delta SOWgp [ascomycetes] taxid 222929 
 ref|XP_003070011.1| initiation-specific alpha-1,6-mannosyl...     401  9e-110 
 gb|EER27866.1| initiation-specific alpha-1,6-mannosyltrans...     401  9e-110 
 
  Coccidioides immitis RS [ascomycetes] taxid 246410 
 ref|XP_001242878.1| hypothetical protein CIMG_06774 [Cocci...     400  2e-109 
 
  Ajellomyces dermatitidis SLH14081 [ascomycetes] taxid 559298 
 ref|XP_002628237.1| alpha-1,6-mannosyltransferase subunit ...     399  3e-109 
 gb|EEQ72915.1| alpha-1,6-mannosyltransferase subunit [Ajel...     399  3e-109 
 
  Ajellomyces dermatitidis ER-3 [ascomycetes] taxid 559297 
 gb|EEQ89033.1| alpha-1,6-mannosyltransferase subunit [Ajel...     399  3e-109 
 
  Ajellomyces capsulatus H88 [ascomycetes] taxid 544711 
 gb|EGC47259.1| alpha 1,6 mannosyltransferase [Ajellomyces ...     394  8e-108 
 
  Coccidioides posadasii [ascomycetes] taxid 199306 
 gb|ABA38731.1| mannosyltransferase-like protein [Coccidioi...     387  1e-105 
 
  Uncinocarpus reesii 1704 [ascomycetes] taxid 336963 
 ref|XP_002544173.1| conserved hypothetical protein [Uncino...     386  3e-105 
 gb|EEP78844.1| conserved hypothetical protein [Uncinocarpu...     386  3e-105 
 
  Aspergillus terreus NIH2624 [ascomycetes] taxid 341663 
 ref|XP_001214957.1| hypothetical protein ATEG_05779 [Asper...     386  3e-105 
 gb|EAU33540.1| hypothetical protein ATEG_05779 [Aspergillu...     386  3e-105 
 
  Aspergillus niger CBS 513.88 [ascomycetes] taxid 425011 
 ref|XP_001391577.1| alpha-1,6-mannosyltransferase subunit ...     384  1e-104 
 
  Aspergillus niger [ascomycetes] taxid 5061 
 emb|CAK39413.1| unnamed protein product [Aspergillus niger]       384  1e-104 
 
  Ajellomyces capsulatus G186AR [ascomycetes] taxid 447093 
 gb|EEH02843.1| alpha 1,6 mannosyltransferase [Ajellomyces ...     381  7e-104 
 
  Paracoccidioides brasiliensis Pb18 [ascomycetes] taxid 502780 
 gb|EEH42507.1| initiation-specific alpha-1,6-mannosyltrans...     380  1e-103 
 
  Aspergillus fumigatus A1163 [ascomycetes] taxid 451804 
 gb|EDP51601.1| alpha-1,6-mannosyltransferase subunit (Och1...     380  2e-103 
 
  Neosartorya fischeri NRRL 181 [ascomycetes] taxid 331117 
 ref|XP_001259827.1| alpha-1,6-mannosyltransferase subunit ...     380  2e-103 
 gb|EAW17930.1| alpha-1,6-mannosyltransferase subunit (Och1...     380  2e-103 
 
  Aspergillus fumigatus Af293 [ascomycetes] taxid 330879 
 ref|XP_753779.1| alpha-1,6-mannosyltransferase subunit (Oc...     380  2e-103 
 gb|EAL91741.1| alpha-1,6-mannosyltransferase subunit (Och1...     380  2e-103 
 
  Paracoccidioides brasiliensis Pb03 [ascomycetes] taxid 482561 
 gb|EEH21663.1| initiation-specific alpha-1,6-mannosyltrans...     380  2e-103 
 
  Arthroderma otae CBS 113480 [ascomycetes] taxid 554155 
 ref|XP_002848684.1| alpha 1,6 mannosyltransferase [Arthrod...     379  5e-103 
 gb|EEQ28799.1| alpha 1,6 mannosyltransferase [Arthroderma ...     379  5e-103 
 
  Aspergillus clavatus NRRL 1 [ascomycetes] taxid 344612 
 ref|XP_001274193.1| alpha-1,6-mannosyltransferase subunit ...     378  8e-103 
 gb|EAW12767.1| alpha-1,6-mannosyltransferase subunit (Och1...     378  8e-103 
 
  Penicillium marneffei ATCC 18224 [ascomycetes] taxid 441960 
 ref|XP_002147474.1| alpha-1,6-mannosyltransferase subunit ...     376  4e-102 
 gb|EEA23963.1| alpha-1,6-mannosyltransferase subunit (Och1...     376  4e-102 
 
  Aspergillus oryzae RIB40 [ascomycetes] taxid 510516 
 ref|XP_001823952.2| alpha-1,6-mannosyltransferase subunit ...     375  8e-102 
 
  Talaromyces stipitatus ATCC 10500 [ascomycetes] taxid 441959 
 ref|XP_002481608.1| alpha-1,6-mannosyltransferase subunit ...     372  5e-101 
 gb|EED17616.1| alpha-1,6-mannosyltransferase subunit (Och1...     372  5e-101 
 
  Aspergillus nidulans FGSC A4 [ascomycetes] taxid 227321 
 ref|XP_662320.1| hypothetical protein AN4716.2 [Aspergillu...     371  9e-101 
 gb|EAA60758.1| hypothetical protein AN4716.2 [Aspergillus ...     371  9e-101 
 tpe|CBF76936.1| TPA: alpha-1,6-mannosyltransferase subunit...     371  9e-101 
 
  Aspergillus flavus NRRL3357 [ascomycetes] taxid 332952 
 ref|XP_002381012.1| alpha-1,6-mannosyltransferase subunit ...     370  1e-100 
 gb|EED49111.1| alpha-1,6-mannosyltransferase subunit (Och1...     370  1e-100 
   Aspergillus oryzae [ascomycetes] taxid 5062 
 dbj|BAE62819.1| unnamed protein product [Aspergillus oryzae]      370  1e-100 
 
  Paracoccidioides brasiliensis Pb01 [ascomycetes] taxid 502779 
 ref|XP_002793779.1| initiation-specific alpha-1,6-mannosyl...     370  2e-100 
 gb|EEH32998.1| initiation-specific alpha-1,6-mannosyltrans...     370  2e-100 
 
  Penicillium chrysogenum Wisconsin 54-1255 [ascomycetes] taxid 500485 
 ref|XP_002565568.1| Pc22g16540 [Penicillium chrysogenum Wi...     368  9e-100 
 emb|CAP98942.1| Pc22g16540 [Penicillium chrysogenum Wiscon...     368  9e-100 
 
  Arthroderma benhamiae CBS 112371 [ascomycetes] taxid 663331 
 ref|XP_003014886.1| glycosyl transferase, putative [Arthro...     361  1e-97 
 gb|EFE34246.1| glycosyl transferase, putative [Arthroderma...     361  1e-97 
 
  Trichophyton verrucosum HKI 0517 [ascomycetes] taxid 663202 
 ref|XP_003023441.1| glycosyl transferase, putative [Tricho...     360  1e-97 
 gb|EFE42823.1| glycosyl transferase, putative [Trichophyto...     360  1e-97 
 
  Ajellomyces capsulatus H143 [ascomycetes] taxid 544712 
 gb|EER40638.1| alpha 1,6 mannosyltransferase [Ajellomyces ...     349  4e-94 
 
  Arthroderma gypseum CBS 118893 [ascomycetes] taxid 535722 
 ref|XP_003174278.1| initiation-specific alpha-1,6-mannosyl...     339  3e-91 
 gb|EFR01448.1| initiation-specific alpha-1,6-mannosyltrans...     339  3e-91 
 
  Yarrowia lipolytica CLIB122 [ascomycetes] taxid 284591 
 ref|XP_505112.1| YALI0F07260p [Yarrowia lipolytica]               331  1e-88 
 
  Yarrowia lipolytica [ascomycetes] taxid 4952 
 emb|CAD91643.1| alpha 1,6 mannosyltransferase [Yarrowia li...     331  1e-88 
 emb|CAG77919.1| YALI0F07260p [Yarrowia lipolytica]                331  1e-88 
 
  Verticillium albo-atrum VaMs.102 [ascomycetes] taxid 526221 
 ref|XP_003008161.1| initiation-specific alpha-1,6-mannosyl...     310  2e-82 
 gb|EEY16240.1| initiation-specific alpha-1,6-mannosyltrans...     310  2e-82 
 
  Meyerozyma guilliermondii ATCC 6260 [ascomycetes] taxid 294746 
 gb|EDK41524.2| hypothetical protein PGUG_05622 [Pichia gui...     300  3e-79 
 ref|XP_001482602.1| hypothetical protein PGUG_05622 [Meyer...     295  6e-78 
 gb|EDK38566.2| hypothetical protein PGUG_02664 [Pichia gui...     250  3e-64 
 ref|XP_001484935.1| hypothetical protein PGUG_02664 [Meyer...     248  8e-64 
   Pichia angusta [ascomycetes] taxid 4905 
 gb|AAQ11191.1| putative mannosyltransferase [Pichia angusta]      294  2e-77 
 gb|AAS77488.1| Och1p [Pichia angusta]                             266  4e-69 
 gb|AAQ06408.1| Ocr1p [Pichia angusta]                             171  1e-40 
 
  Pichia angusta DL-1 [ascomycetes] taxid 871575 
 gb|EFW95452.1| putative mannosyltransferase [Pichia angust...     294  2e-77 
 gb|EFW97215.1| chromatin structure remodeling complex subu...     266  4e-69 
 gb|EFW96809.1| putative mannosyltransferase [Pichia angust...     171  1e-40 
 
  Debaryomyces hansenii CBS767 [ascomycetes] taxid 284592 
 ref|XP_002770210.1| DEHA2C13508p [Debaryomyces hansenii CB...     291  7e-77 
 ref|XP_461124.2| DEHA2F17534p [Debaryomyces hansenii CBS767]      252  5e-65 
 
  Debaryomyces hansenii [ascomycetes] taxid 4959 
 emb|CAR65573.1| DEHA2C13508p [Debaryomyces hansenii]              291  7e-77 
 emb|CAG89506.2| DEHA2F17534p [Debaryomyces hansenii]              252  5e-65 
 
  Scheffersomyces stipitis CBS 6054 [ascomycetes] taxid 322104 
 ref|XP_001383155.2| membrane-bound alpha-1,6- mannosyltran...     288  6e-76 
 gb|ABN65126.2| membrane-bound alpha-1,6- mannosyltransfera...     288  6e-76 
 ref|XP_001384720.2| hypothetical protein PICST_72561 [Sche...     260  3e-67 
 gb|ABN66691.2| predicted protein [Scheffersomyces stipitis...     260  3e-67 
 
  Candida albicans [ascomycetes] taxid 5476 
 gb|AAL49987.1| putative mannosyltransferase [Candida albic...     284  1e-74 
 
  Candida albicans SC5314 [ascomycetes] taxid 237561 
 ref|XP_716632.1| mannosyltransferase Och1p [Candida albica...     284  1e-74 
 gb|EAK97637.1| mannosyltransferase Och1p [Candida albicans...     284  1e-74 
 ref|XP_716752.1| potential mannosyltransferase Hoc1p [Cand...     248  9e-64 
 ref|XP_716693.1| potential mannosyltransferase Hoc1p [Cand...     248  9e-64 
 gb|EAK97701.1| potential mannosyltransferase Hoc1p [Candid...     248  9e-64 
 gb|EAK97764.1| potential mannosyltransferase Hoc1p [Candid...     248  9e-64 
 
  Candida albicans WO-1 [ascomycetes] taxid 294748 
 gb|EEQ44644.1| hypothetical protein CAWG_02918 [Candida al...     284  1e-74 
 
  Candida dubliniensis CD36 [ascomycetes] taxid 573826 
 ref|XP_002419506.1| initiation-specific alpha-1,6-mannosyl...     283  4e-74 
 emb|CAX43101.1| initiation-specific alpha-1,6-mannosyltran...     283  4e-74 
 ref|XP_002420925.1| alpha-1,6-mannosyltransferase, putativ...     248  1e-63 
 emb|CAX41078.1| alpha-1,6-mannosyltransferase, putative [C...     248  1e-63 
 
  Candida tropicalis MYA-3404 [ascomycetes] taxid 294747 
 ref|XP_002547957.1| hypothetical protein CTRG_02254 [Candi...     281  1e-73 
 gb|EER33436.1| hypothetical protein CTRG_02254 [Candida tr...     281  1e-73 
 ref|XP_002548535.1| hypothetical protein CTRG_02832 [Candi...     237  2e-60 
 gb|EER34014.1| hypothetical protein CTRG_02832 [Candida tr...     237  2e-60 
 
  Clavispora lusitaniae ATCC 42720 [ascomycetes] taxid 306902 
 ref|XP_002618199.1| hypothetical protein CLUG_01658 [Clavi...     276  4e-72 
 gb|EEQ37535.1| hypothetical protein CLUG_01658 [Clavispora...     276  4e-72 
 ref|XP_002615325.1| hypothetical protein CLUG_04207 [Clavi...     244  2e-62 
 gb|EEQ40079.1| hypothetical protein CLUG_04207 [Clavispora...     244  2e-62 
 
  Pichia pastoris GS115 [ascomycetes] taxid 644223 
 ref|XP_002489596.1| Mannosyltransferase of the cis-Golgi a...     273  3e-71 
 emb|CAY67315.1| Mannosyltransferase of the cis-Golgi appar...     273  3e-71 
 ref|XP_002492846.1| Alpha-1,6-mannosyltransferase involved...     231  1e-58 
 emb|CAY70667.1| Alpha-1,6-mannosyltransferase involved in ...     231  1e-58 
 
  Pichia minuta var. minuta [ascomycetes] taxid 53936 
 dbj|BAE94371.1| alpha-1,6-mannosyltransferase [Pichia minu...     270  2e-70 
 
  Ashbya gossypii ATCC 10895 [ascomycetes] taxid 284811 
 ref|NP_985982.1| AFR435Wp [Ashbya gossypii ATCC 10895]            264  2e-68 
 gb|AAS53806.1| AFR435Wp [Ashbya gossypii ATCC 10895]              264  2e-68 
 ref|NP_986012.1| AFR465Cp [Ashbya gossypii ATCC 10895]            233  3e-59 
 gb|AAS53836.1| AFR465Cp [Ashbya gossypii ATCC 10895]              233  3e-59 
 
  Lachancea thermotolerans CBS 6340 [ascomycetes] taxid 559295 
 ref|XP_002551836.1| KLTH0B01034p [Lachancea thermotolerans]       263  3e-68 
 ref|XP_002556268.1| KLTH0H09064p [Lachancea thermotolerans]       236  4e-60 
 
  Lachancea thermotolerans [ascomycetes] taxid 381046 
 emb|CAR21398.1| KLTH0B01034p [Lachancea thermotolerans]           263  3e-68 
 emb|CAR30406.1| KLTH0H09064p [Lachancea thermotolerans]           236  4e-60 
 
  Lodderomyces elongisporus NRRL YB-4239 [ascomycetes] taxid 379508 
 ref|XP_001526176.1| hypothetical protein LELG_02734 [Lodde...     258  9e-67 
 gb|EDK44555.1| hypothetical protein LELG_02734 [Lodderomyc...     258  9e-67 
 ref|XP_001523919.1| conserved hypothetical protein [Lodder...     252  6e-65 
 gb|EDK46551.1| conserved hypothetical protein [Lodderomyce...     252  6e-65 
 
  Zygosaccharomyces rouxii CBS 732 [ascomycetes] taxid 559307 
 ref|XP_002498104.1| ZYRO0G02310p [Zygosaccharomyces rouxii]       258  1e-66 
 ref|XP_002498395.1| ZYRO0G09284p [Zygosaccharomyces rouxii]       230  3e-58 
 
  Zygosaccharomyces rouxii [ascomycetes] taxid 4956 
 emb|CAR29171.1| ZYRO0G02310p [Zygosaccharomyces rouxii]           258  1e-66 
 emb|CAR29462.1| ZYRO0G09284p [Zygosaccharomyces rouxii]           230  3e-58 
 
  Vanderwaltozyma polyspora DSM 70294 [ascomycetes] taxid 436907 
 ref|XP_001647504.1| hypothetical protein Kpol_1018p186 [Va...     257  2e-66 
 gb|EDO19646.1| hypothetical protein Kpol_1018p186 [Vanderw...     257  2e-66 
 ref|XP_001644022.1| hypothetical protein Kpol_1026p11 [Van...     240  2e-61 
 gb|EDO16164.1| hypothetical protein Kpol_1026p11 [Vanderwa...     240  2e-61 
 ref|XP_001645868.1| hypothetical protein Kpol_1054p58 [Van...     233  5e-59 
 gb|EDO18010.1| hypothetical protein Kpol_1054p58 [Vanderwa...     233  5e-59 
 
  Kluyveromyces lactis NRRL Y-1140 [ascomycetes] taxid 284590 
 ref|XP_452168.1| hypothetical protein [Kluyveromyces lacti...     248  9e-64 
 ref|XP_456072.1| hypothetical protein [Kluyveromyces lacti...     243  3e-62 
 
  Kluyveromyces lactis [ascomycetes] taxid 28985 
 emb|CAH02561.1| KLLA0B14322p [Kluyveromyces lactis]               248  9e-64 
 emb|CAD21465.1| mannosyltransferase [Kluyveromyces lactis]        243  3e-62 
 emb|CAG98780.1| KLLA0F22220p [Kluyveromyces lactis]               243  3e-62 
 
  Candida glabrata CBS 138 [ascomycetes] taxid 284593 
 ref|XP_445987.1| hypothetical protein [Candida glabrata CB...     243  3e-62 
 ref|XP_444841.1| hypothetical protein [Candida glabrata CB...     202  7e-50 
 
  Candida glabrata [ascomycetes] taxid 5478 
 emb|CAG58911.1| unnamed protein product [Candida glabrata]        243  3e-62 
 emb|CAG57734.1| unnamed protein product [Candida glabrata]        202  7e-50 
 
  Saccharomyces cerevisiae S288c [ascomycetes] taxid 559292 
 ref|NP_011477.1| Och1p [Saccharomyces cerevisiae S288c]           241  1e-61 
 tpg|DAA08062.1| TPA: Mannosyltransferase of the cis-Golgi ...     241  1e-61 
 ref|NP_012609.1| Hoc1p [Saccharomyces cerevisiae S288c]           239  6e-61 
 tpg|DAA08861.1| TPA: Alpha-1,6-mannosyltransferase involve...     239  6e-61 
 
  Saccharomyces cerevisiae (yeast, ...) [ascomycetes] taxid 4932 
 sp|P31755.1|OCH1_YEAST RecName: Full=Initiation-specific a...     241  1e-61 
 dbj|BAA01869.1| mannosyltransferase [Saccharomyces cerevis...     241  1e-61 
 emb|CAA96740.1| OCH1 [Saccharomyces cerevisiae]                   241  1e-61 
 gb|AAT92768.1| YGL038C [Saccharomyces cerevisiae]                 241  1e-61 
 sp|P47124.3|HOC1_YEAST RecName: Full=Putative glycosyltran...     239  6e-61 
 emb|CAA89603.1| HOC1 [Saccharomyces cerevisiae]                   239  6e-61 
 gb|AAB39300.1| ORF YJR075w [Saccharomyces cerevisiae]             239  6e-61 
 gb|AAB49938.1| Hoc1p [Saccharomyces cerevisiae]                   239  6e-61 
 gb|AAT92846.1| YJR075W [Saccharomyces cerevisiae]                 236  3e-60 
 
  Saccharomyces cerevisiae YJM789 [ascomycetes] taxid 307796 
 gb|EDN61565.1| alpha-1,6-mannosyltransferase [Saccharomyce...     241  1e-61 
 gb|EDN63393.1| conserved protein [Saccharomyces cerevisiae...     237  2e-60 
 
  Saccharomyces cerevisiae RM11-1a [ascomycetes] taxid 285006 
 gb|EDV10270.1| alpha-1,6-mannosyltransferase [Saccharomyce...     241  1e-61 
 gb|EDV12814.1| mannosyltransferase [Saccharomyces cerevisi...     239  6e-61 
 
  Saccharomyces cerevisiae AWRI1631 [ascomycetes] taxid 545124 
 gb|EDZ72167.1| YGL038Cp-like protein [Saccharomyces cerevi...     241  1e-61 
 
  Saccharomyces cerevisiae JAY291 [ascomycetes] taxid 574961 
 gb|EEU06021.1| Och1p [Saccharomyces cerevisiae JAY291]            241  1e-61 
 gb|EEU08062.1| Hoc1p [Saccharomyces cerevisiae JAY291]            239  6e-61 
 
  Saccharomyces cerevisiae EC1118 [ascomycetes] taxid 643680 
 emb|CAY79721.1| Och1p [Saccharomyces cerevisiae EC1118]           241  1e-61 
 emb|CAY80788.1| Hoc1p [Saccharomyces cerevisiae EC1118]           239  6e-61 
 
  Saccharomyces cerevisiae Vin13 [ascomycetes] taxid 764099 
 gb|EGA78872.1| Och1p [Saccharomyces cerevisiae Vin13]             241  1e-61 
 gb|EGA78218.1| Hoc1p [Saccharomyces cerevisiae Vin13]             224  1e-56 
 
  Schizosaccharomyces pombe 972h- [ascomycetes] taxid 284812 
 ref|NP_594852.1| alpha-1,6-mannosyltransferase Och1 [Schiz...     241  1e-61 
 
  Schizosaccharomyces pombe [ascomycetes] taxid 4896 
 sp|Q9UTR6.2|OCH1_SCHPO RecName: Full=Initiation-specific a...     241  1e-61 
 emb|CAD24818.1| alpha-1,6-mannosyltransferase Och1 [Schizo...     241  1e-61 
 
  Saccharomyces cerevisiae FostersB [ascomycetes] taxid 764102 
 gb|EGA58038.1| Hoc1p [Saccharomyces cerevisiae FostersB]          239  6e-61 
 
  Saccharomyces cerevisiae AWRI796 [ascomycetes] taxid 764097 
 gb|EGA74281.1| Hoc1p [Saccharomyces cerevisiae AWRI796]           238  9e-61 
 
  Saccharomyces cerevisiae Lalvin QA23 [ascomycetes] taxid 764098 
 gb|EGA82137.1| Hoc1p [Saccharomyces cerevisiae Lalvin QA23]       238  9e-61 
 
  Schizosaccharomyces japonicus yFS275 [ascomycetes] taxid 402676 
 ref|XP_002175851.1| initiation-specific alpha-1,6-mannosyl...     228  1e-57 
 gb|EEB09558.1| initiation-specific alpha-1,6-mannosyltrans...     228  1e-57 
 
  Saccharomyces cerevisiae FostersO [ascomycetes] taxid 764101 
 gb|EGA62317.1| Och1p [Saccharomyces cerevisiae FostersO]          179  4e-43 
 
  Saccharomyces cerevisiae VL3 [ascomycetes] taxid 764100 
































Taxonomy Report  
Ascomycota ................................................   195 hits   94 orgs [root; cellular organisms; Eukaryota; Fungi/Metazoa group; Fungi; Dikarya] 
. saccharomyceta ..........................................   190 hits   91 orgs  
. . Pezizomycotina ........................................    84 hits   51 orgs  
. . . leotiomyceta ........................................    82 hits   49 orgs  
. . . . sordariomyceta ....................................    27 hits   14 orgs  
. . . . . Sclerotiniaceae .................................     4 hits    2 orgs [Leotiomycetes; Helotiales] 
. . . . . . Sclerotinia sclerotiorum 1980 UF-70 ...........     2 hits    1 orgs [Sclerotinia; Sclerotinia sclerotiorum] 
. . . . . . Botryotinia fuckeliana B05.10 .................     2 hits    1 orgs [Botryotinia; Botryotinia fuckeliana] 
. . . . . Sordariomycetes .................................    23 hits   12 orgs  
. . . . . . Sordariomycetidae .............................    12 hits    6 orgs  
. . . . . . . Sordariales .................................     7 hits    4 orgs  
. . . . . . . . Sordariaceae ..............................     3 hits    2 orgs  
. . . . . . . . . Neurospora crassa OR74A .................     2 hits    1 orgs [Neurospora; Neurospora crassa] 
. . . . . . . . . Sordaria macrospora .....................     1 hits    1 orgs [Sordaria] 
. . . . . . . . Chaetomium globosum CBS 148.51 ............     2 hits    1 orgs [Chaetomiaceae; Chaetomium; Chaetomium globosum] 
. . . . . . . . Podospora anserina S mat+ .................     2 hits    1 orgs [Lasiosphaeriaceae; Podospora; Podospora anserina] 
. . . . . . . Magnaporthe oryzae 70-15 ....................     4 hits    1 orgs [Magnaporthales; Magnaporthaceae; Magnaporthe; Magnaporthe oryzae] 
. . . . . . . Grosmannia clavigera kw1407 .................     1 hits    1 orgs [Ophiostomatales; Ophiostomataceae; Grosmannia; Grosmannia clavigera] 
. . . . . . Hypocreomycetidae .............................     9 hits    5 orgs  
. . . . . . . Glomerella graminicola M1.001 ...............     2 hits    1 orgs [Hypocreomycetidae incertae sedis; Glomerellaceae; Glomerella; Glomerella graminicola] 
. . . . . . . Hypocreales .................................     7 hits    4 orgs  
. . . . . . . . Nectriaceae ...............................     5 hits    2 orgs  
. . . . . . . . . Gibberella zeae PH-1 ....................     1 hits    1 orgs [Gibberella; Gibberella zeae] 
. . . . . . . . . Nectria haematococca mpVI 77-13-4 .......     4 hits    1 orgs [Nectria; Nectria haematococca complex; Nectria haematococca; Nectria haematococca mpVI] 
. . . . . . . . Metarhizium ...............................     2 hits    2 orgs [Clavicipitaceae; mitosporic Clavicipitaceae] 
. . . . . . . . . Metarhizium anisopliae ARSEF 23 .........     1 hits    1 orgs [Metarhizium anisopliae] 
. . . . . . . . . Metarhizium acridum CQMa 102 ............     1 hits    1 orgs [Metarhizium acridum] 
. . . . . . Verticillium albo-atrum VaMs.102 ..............     2 hits    1 orgs [Sordariomycetes incertae sedis; Phyllachorales; mitosporic Phyllachorales; Verticillium; Verticillium albo-atrum] 
. . . . Pleosporineae .....................................     6 hits    4 orgs [dothideomyceta; Dothideomycetes; Pleosporomycetidae; Pleosporales] 
. . . . . Phaeosphaeria nodorum SN15 ......................     2 hits    1 orgs [Phaeosphaeriaceae; Phaeosphaeria; Phaeosphaeria nodorum] 
. . . . . Pyrenophora .....................................     3 hits    2 orgs [Pleosporaceae] 
. . . . . . Pyrenophora tritici-repentis Pt-1C-BFP ........     2 hits    1 orgs [Pyrenophora tritici-repentis] 
. . . . . . Pyrenophora teres f. teres 0-1 ................     1 hits    1 orgs [Pyrenophora teres; Pyrenophora teres f. teres] 
. . . . . Leptosphaeria maculans ..........................     1 hits    1 orgs [Leptosphaeriaceae; Leptosphaeria; Leptosphaeria maculans complex] 
. . . . Eurotiomycetidae ..................................    49 hits   31 orgs [Eurotiomycetes] 
. . . . . Onygenales ......................................    25 hits   17 orgs  
. . . . . . mitosporic Onygenales .........................     9 hits    7 orgs  
. . . . . . . Coccidioides ................................     5 hits    4 orgs  
. . . . . . . . Coccidioides posadasii ....................     4 hits    3 orgs  
. . . . . . . . . Coccidioides posadasii str. Silveira ....     1 hits    1 orgs  
. . . . . . . . . Coccidioides posadasii C735 delta SOWgp .     2 hits    1 orgs  
. . . . . . . . Coccidioides immitis RS ...................     1 hits    1 orgs [Coccidioides immitis] 
. . . . . . . Paracoccidioides brasiliensis ...............     4 hits    3 orgs [Paracoccidioides] 
. . . . . . . . Paracoccidioides brasiliensis Pb18 ........     1 hits    1 orgs  
. . . . . . . . Paracoccidioides brasiliensis Pb03 ........     1 hits    1 orgs  
. . . . . . . . Paracoccidioides brasiliensis Pb01 ........     2 hits    1 orgs  
. . . . . . Ajellomyces ...................................     6 hits    5 orgs [Ajellomycetaceae] 
. . . . . . . Ajellomyces dermatitidis ....................     3 hits    2 orgs  
. . . . . . . . Ajellomyces dermatitidis SLH14081 .........     2 hits    1 orgs  
. . . . . . . . Ajellomyces dermatitidis ER-3 .............     1 hits    1 orgs  
. . . . . . . Ajellomyces capsulatus ......................     3 hits    3 orgs  
. . . . . . . . Ajellomyces capsulatus H88 ................     1 hits    1 orgs  
. . . . . . . . Ajellomyces capsulatus G186AR .............     1 hits    1 orgs  
. . . . . . . . Ajellomyces capsulatus H143 ...............     1 hits    1 orgs  
. . . . . . Uncinocarpus reesii 1704 ......................     2 hits    1 orgs [Onygenaceae; Uncinocarpus; Uncinocarpus reesii] 
. . . . . . Arthrodermataceae .............................     8 hits    4 orgs  
. . . . . . . Arthroderma .................................     6 hits    3 orgs  
. . . . . . . . Arthroderma otae CBS 113480 ...............     2 hits    1 orgs [Arthroderma otae] 
. . . . . . . . Arthroderma benhamiae CBS 112371 ..........     2 hits    1 orgs [Arthroderma benhamiae] 
. . . . . . . . Arthroderma gypseum CBS 118893 ............     2 hits    1 orgs [Arthroderma gypseum] 
. . . . . . . Trichophyton verrucosum HKI 0517 ............     2 hits    1 orgs [mitosporic Arthrodermataceae; Trichophyton; Trichophyton verrucosum] 
. . . . . Trichocomaceae ..................................    24 hits   14 orgs [Eurotiales] 
. . . . . . mitosporic Trichocomaceae .....................    14 hits    9 orgs  
. . . . . . . Aspergillus .................................    10 hits    7 orgs  
. . . . . . . . Aspergillus terreus NIH2624 ...............     2 hits    1 orgs [Aspergillus terreus] 
. . . . . . . . Aspergillus niger .........................     2 hits    2 orgs  
. . . . . . . . . Aspergillus niger CBS 513.88 ............     1 hits    1 orgs  
. . . . . . . . Aspergillus clavatus NRRL 1 ...............     2 hits    1 orgs [Aspergillus clavatus] 
. . . . . . . . Aspergillus oryzae ........................     2 hits    2 orgs  
. . . . . . . . . Aspergillus oryzae RIB40 ................     1 hits    1 orgs  
. . . . . . . . Aspergillus flavus NRRL3357 ...............     2 hits    1 orgs [Aspergillus flavus] 
. . . . . . . Penicillium .................................     4 hits    2 orgs  
. . . . . . . . Penicillium marneffei ATCC 18224 ..........     2 hits    1 orgs [Penicillium marneffei] 
. . . . . . . . Penicillium chrysogenum Wisconsin 54-1255 .     2 hits    1 orgs [Penicillium chrysogenum complex; Penicillium chrysogenum] 
. . . . . . Neosartorya ...................................     5 hits    3 orgs  
. . . . . . . Aspergillus fumigatus .......................     3 hits    2 orgs [Neosartorya fumigata] 
. . . . . . . . Aspergillus fumigatus A1163 ...............     1 hits    1 orgs  
. . . . . . . . Aspergillus fumigatus Af293 ...............     2 hits    1 orgs  
. . . . . . . Neosartorya fischeri NRRL 181 ...............     2 hits    1 orgs [Neosartorya fischeri group; Neosartorya fischeri] 
. . . . . . Talaromyces stipitatus ATCC 10500 .............     2 hits    1 orgs [Talaromyces; Talaromyces stipitatus] 
. . . . . . Aspergillus nidulans FGSC A4 ..................     3 hits    1 orgs [Emericella; Emericella nidulans; mitosporic Emericella nidulans] 
. . . Tuber ...............................................     2 hits    2 orgs [Pezizomycetes; Pezizales; Tuberaceae]  
. . . . Tuber melanosporum ................................     2 hits    2 orgs  
. . . . . Tuber melanosporum Mel28 ........................     1 hits    1 orgs  
. . Saccharomycetales .....................................   106 hits   40 orgs [Saccharomycotina; Saccharomycetes] 
. . . Yarrowia ............................................     3 hits    2 orgs [Dipodascaceae] 
. . . . Yarrowia lipolytica ...............................     3 hits    2 orgs  
. . . . . Yarrowia lipolytica CLIB122 .....................     1 hits    1 orgs  
. . . Debaryomycetaceae ...................................    16 hits    5 orgs  
. . . . Meyerozyma guilliermondii ATCC 6260 ...............     4 hits    1 orgs [Meyerozyma; Meyerozyma guilliermondii] 
. . . . Debaryomyces ......................................     4 hits    2 orgs  
. . . . . Debaryomyces hansenii ...........................     4 hits    2 orgs  
. . . . . . Debaryomyces hansenii CBS767 ..................     2 hits    1 orgs [Debaryomyces hansenii var. hansenii] 
. . . . Scheffersomyces stipitis CBS 6054 .................     4 hits    1 orgs [Scheffersomyces; Scheffersomyces stipitis] 
. . . . Lodderomyces elongisporus NRRL YB-4239 ............     4 hits    1 orgs [Lodderomyces; Lodderomyces elongisporus] 
. . . Saccharomycetaceae ..................................    67 hits   27 orgs  
. . . . Pichia ............................................    11 hits    4 orgs  
. . . . . Pichia angusta ..................................     6 hits    2 orgs  
. . . . . . Pichia angusta DL-1 ...........................     3 hits    1 orgs  
. . . . . Pichia pastoris GS115 ...........................     4 hits    1 orgs [Pichia pastoris] 
. . . . . Pichia minuta var. minuta .......................     1 hits    1 orgs [Pichia minuta] 
. . . . Ashbya gossypii ATCC 10895 ........................     4 hits    1 orgs [Eremothecium; Eremothecium gossypii] 
. . . . Lachancea .........................................     4 hits    2 orgs  
. . . . . Lachancea thermotolerans ........................     4 hits    2 orgs  
. . . . . . Lachancea thermotolerans CBS 6340 .............     2 hits    1 orgs  
. . . . Zygosaccharomyces .................................     4 hits    2 orgs  
. . . . . Zygosaccharomyces rouxii ........................     4 hits    2 orgs  
. . . . . . Zygosaccharomyces rouxii CBS 732 ..............     2 hits    1 orgs  
. . . . Vanderwaltozyma polyspora DSM 70294 ...............     6 hits    1 orgs [Vanderwaltozyma; Vanderwaltozyma polyspora] 
. . . . Kluyveromyces .....................................     5 hits    2 orgs  
. . . . . Kluyveromyces lactis ............................     5 hits    2 orgs  
. . . . . . Kluyveromyces lactis NRRL Y-1140 ..............     2 hits    1 orgs  
. . . . mitosporic Nakaseomyces ...........................     4 hits    2 orgs [Nakaseomyces] 
. . . . . Candida glabrata ................................     4 hits    2 orgs  
. . . . . . Candida glabrata CBS 138 ......................     2 hits    1 orgs  
. . . . Saccharomyces .....................................    29 hits   13 orgs  
. . . . . Saccharomyces cerevisiae ........................    29 hits   13 orgs  
. . . . . . Saccharomyces cerevisiae S288c ................     4 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae YJM789 ...............     2 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae RM11-1a ..............     2 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae AWRI1631 .............     1 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae JAY291 ...............     2 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae EC1118 ...............     2 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae Vin13 ................     2 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae FostersB .............     1 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae AWRI796 ..............     1 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae Lalvin QA23 ..........     1 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae FostersO .............     1 hits    1 orgs  
. . . . . . Saccharomyces cerevisiae VL3 ..................     1 hits    1 orgs  
. . . Candida .............................................    16 hits    5 orgs [mitosporic Saccharomycetales] 
. . . . Candida albicans ..................................     8 hits    3 orgs  
. . . . . Candida albicans SC5314 .........................     6 hits    1 orgs  
. . . . . Candida albicans WO-1 ...........................     1 hits    1 orgs  
. . . . Candida dubliniensis CD36 .........................     4 hits    1 orgs [Candida dubliniensis] 
. . . . Candida tropicalis MYA-3404 .......................     4 hits    1 orgs [Candida tropicalis] 
. . . Clavispora lusitaniae ATCC 42720 ....................     4 hits    1 orgs [Metschnikowiaceae; Clavispora; Clavispora lusitaniae] 
. Schizosaccharomyces .....................................     5 hits    3 orgs [Taphrinomycotina; Schizosaccharomycetes; Schizosaccharomycetales; Schizosaccharomycetaceae] 
. . Schizosaccharomyces pombe .............................     3 hits    2 orgs  
. . . Schizosaccharomyces pombe 972h- .....................     1 hits    1 orgs  
. . Schizosaccharomyces japonicus yFS275 ..................     2 hits    1 orgs [Schizosaccharomyces japonicus] 
 
  

